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MEAN ERROR IN ANTISTREPTOLYSIN DETERMINATIONS 


By 
NILS OKER-BLOM 
(Received for publication August 15, 1949) 


At the Department of Serology and Bacteriology, University of 
Helsinki, the mean error in a single antistreptolysin determination 
has, according to Kalbak (1), previously been estimated to + 20 per 
cent. Nevertheless, control titrations have shown that the AST 
value by repeated determinations may deviate from the original 
by as much as 100 per cent. In these extreme cases the cause 
may possibly be found in the serum itself, but in most cases the 
deviation certainly depends on the methods used. 

Lagercrantz (2) has recently discussed this problem. He says 
that the errors of titration by laboratory assistants differ greatly. 
Since other factors, in spite of nearly uniform technique, may also 
influence results in different laboratories, it seems advisable to 
determine the mean error in AST titrations separately for each 
laboratory and for each laboratory assistant. 

In the present study, the mean error in our AST determina- 
tions has been calculated in two different ways. First, twenty 
sera were titrated ten times each. In this case the laboratory 
assistant knew the object of the investigation, and one therefore 
could expect the greatest possible precision. Second, fifty sera 
were titrated three times each without the laboratory assistant 
knowing the object of the investigation. 


MATERIAL AND METHODS 


The sera were heated to 56° C for half an hour, and unless 
immediately used they were stored at —8° to —15° C. 
The AST determinations were performed with streptolysin 


8 — Ann. Med. Exper. Fenn. Vol. 28. Fasc. 2. 
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freshly reduced for each time and according to a previously 
described method (3). 


RESULTS 


When calculated in the former way the mean error was +29 
per cent. In this case the error for each serum was calculated | 
from the ten determinations according to the formula: | 





/S (@&p —mpy \ 





op = 
: k—1 
op = the mean error for each serum 
xp = AST values for the serum p | 
mp = mean for the ten AST values 
k =number of determinations for each serum. 


The final mean error was then calculated from the errors for 
each serum according to the formula: 


1 y 
o (x) y= — op*/o 


In the latter case the mean error was calculated from the loga- 
rithms of the AST values according to the formula: 
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and a(x) °/9 ~ 2,3 x o (log 2) 
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where 
xp = AST values for the serum p 
>» log x p 
mp = ———~ = mean for the log. of the three AST values for 


each serum 


k =number of determinations for each serum 
= number ot sera 


In this case the mean error was + 27 + 2 per cent. 


CONCLUSION 


According to this investigation the mean error for AST deter- 
minations seems to be, on the whole, the same whether the labora- 
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tory assistant knows the purpose of the investigation or whether 
he does not, about + 30 per cent. 

These results are to some extent surprising as, based on 
earlier investigations, one would expect the mean error to be 
smaller if the laboratory assistant is aware of the purpose of 
the investigation. It might, in this case, possibly be due to the 
fact that this particular assistant is incapable of exceeding this 
mean error. 

In any case a mean error of + 30 per cent should be con- 
sidered correct when it is a question of routine investigations 
in this laboratory, and should also be considered when calcula- 
ting changes in the AST titer. 
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FROM THE DEPARTMENT OF ANATOMY, UNIVERSITY OF HELSINKI, AND 
THE INSTITUTE OF PHYSICAL CHEMISTRY, ABO AKADEMI 


SOME REMARKS ON THE »SOLVENT EFFECT» AND THE 
APPARENT »ANTICARCINOGENIC ACTION» OF LANOLIN 


By 


KAI SETALA and PER EKWALL 
(Received for publication November 13, 1949) 


It has been suggested in the literature that addition of an- 
hydrous lanolin (i.e., anhydrous wool fat, which presumably 
represents chiefly the secretion of the sebaceous glands of the 
sheep) may lead to a reduction in neoplastic response of the 
tissues (19, 20, 21, 23, 24, 25). It was found that the lanolin solution 
of 20-methylcholanthrene generally failed to produce the carcinoge- 
nic effect of this compound when applied to the skin of mice (19, 
20, 21). The carcinogen dissolved in lanolin did not even induce any 
of the other preliminary changes that follow the application of the 
acetone or benzene solution (i.e., epilation of the skin, destruction 
of the sebaceous elements, or a non-neoplastic epithelial hyper- 
plasia) (20). Examination in ultraviolet light, however, has revealed 
that the skin of mouse absorbs 20-methylcholanthrene from its 
solution in melted lanolin (40—45° C. at the time of use). This 
appears in the sebaceous elements and in the keratin layer. After a 
single painting this fluorescence disappears in 2 to 3 days, which is 
much quicker than when a benzene solution is applied (20). Other 
fatty substances have also been studied as solvents (23, 24, 25), 
but lanolin had the most pronounced effect in diminishing carcino- 
genic potency. In view of this apparently specific inhibition of 
carcinogenesis, the use of lanolin (as »anticarcinogenic» agent) 
has been recommended as a preventive against occupational 
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cancer (25). Simpson and Cramer (20, 21), and Simpson, Carruthers 
and Cramer (19) suggest that the inhibitory effect of lanolin is not a 
result of (2) the inactivation of the carcinogen by the lanolin, (2) the 
prevention of the carcinogen from reaching the epithelial cells(?), or 
(3) failure of the carcinogen to persist long enough in situ. The 
authors mentioned (21) put forth the tentative hypothesis that 
punaltered methylcholanthrene is a sensitizing agent, itself non- 
carcinogenic, that prepares the skin for subsequent action by 
metabolite derivatives of the carcinogen, or by substances formed 
in the tissues as a result of exposure to these metabolic products», 
with the implication that lanolin specifically interferes with this 
mechanism. 

Furthermore, Simpson and Cramer (21) stated that the mani- 
festation of the carcinogenic effect, including the earliest changes 
initiating that effect, depends on the nature of the solvent. For 
convenience of description the group of solvents such as benzene, 
chloroform, and acetone, in which 20-methylcholanthrene is 
carcinogenically active, will be described as forming »active» 
solutions; those in which this carcinogen is carcinogenically inactive 
will be referred to as giving »inactive» solutions. The first effect of a 
carcinogen when applied in an active solution is to destroy the 
sebaceous elements. The glands remain intact when the carcinogen 
is applied in an »inactive» solution (20). 

Berenblum and Schoental (1) confirmed the opinion that a 
striking diminution is observed in the carcinogenic potency of 20- 
methylcholanthrene as well as 9.10-dimethyl-1.2-benzanthracene 
when lanolin was used as carrier and spreader for these compounds. 
They reported that when a benzene solution of 20-methylchol- 
anthrene is applied to the skin the benzene evaporates immediately, 
leaving behind the carcinogen dissolved in the minute amounts of 
sebum normally present on the skin. The effective concentration of 
the carcinogen will therefore be much higher than the original 
concentration in the benzene. But when using a non-volatile 
solvent, such as lanolin, the effective concentration practically 
corresponds to that of the solution as originally applied. Berenblum 
and Schoental showed that when liquid paraffin, which like lanolin 
is non-volatile, is employed as solvent for the carcinogen, a similar 
diminution in the carcinogenic potency is observed when the 
concentration of the carcinogen is low, but this no longer applies 
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when the concentration is increased. The whole phenomenon thus 
reduces to a concentration effect. In their conclusion Berenblum 
and Schoental stated that in the case of a solution in lanolin a 
concentration of 0.3 per cent 20-methylcholanthrene probably is a 
subthreshold for effective carcinogenesis. 

The importance of the »adequate concentration» of the carcinogen 
in skin carcinogenesis has been reported in some re-examinations 
also. Among others, Berg (2) has shown that in order to obtain the 
same fluorescence intensity in the epithelial cells with lanolin 
solution of benzpyrene as with a 0.025 per cent solution of benz- 
pyrene in acetone, the concentration of benzpyrene must be 0.5 
per cent. The carcinogenic action of the hydrocarbon parallels 
the effective concentration in the epithelial cells. Berg assumes 
that this strengthens the opinion that the special diffusion and 
solubility relations existing in the skin when fatty materials are 
used as solvents is the reason for the apparent decrease in the 
carcinogenic effect when lanolin is used as solvent and in the first 
place this is a question of a concentration effect. 


It is evident that the concentration of the carcinogen plays an 
important role in chemical carcinogenesis. However, it is likewise 
evident that there are several other factors also contributing to the 
carcinogenic response of tissue. Very important in this connection 
is the physical and chemical character of the solvent (i.e., the »spreader») 
for the carcinogen. It is to be noted that the nature of this »solvent 
effect» still remains almost unexplained. For the elucidation of this 
question it would in the first place be of value if carcinogenic 
hydrocarbons could be applied in various solvents, both volatile and 
non-volatile, possessing different and well-defined physical and 
chemical characteristics. A biological truth seems to be that the 
chemical reactions associated with life take place — at least to some 
extent — between substances in aqueous solution and aqueous colloidal 
systems, or at interfaces between them. It would therefore be of 
special significance to find carriers that are both water- and fat- 
soluble or are able to dissolve both water- and fat-soluble substances 
(16). Using well-defined and well-known carriers of this type, it 
should in our opinion be possible to obtain further information of 
the importance of the solvent in chemical carcinogenesis and of 
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how the carcinogenic hydrocarbons actually act. For several years 
(since 1945; 16) we have carried out experiments along different lines 
when studying the significance of certain factors in chemical carcino- 
venesis, and several of the observations have already been reported. 

»Carbowax 1500» was the first compound that was found to 
possess expected specific characteristics. It was found — as a 
result of fluorescence studies — that carcinogenic hydrocarbons 
(20-methylcholanthrene, 1.2.5.6-dibenzanthracene, 9.10-dimethyl- 
1.2-benzanthracene) dissolved in »Carbowax» were able to permeate 
into the tissues easily (12, 14). Further, it was found that the 
treatment of mice with these carcinogenic hydrocarbons (e.g., 
20-methylcholanthrene, 9.10-dimethyl-1.2-benzanthracene) resulted 
in multiple progressively growing tumours (13, 17). The »Car- 
bowax»-group (trade mark) consists of polyethylene glycols of 
high molecular weight. These compounds have a_ particular 
characteristic: they are readily soluble in water. Polyethylene glycols 
also have the property of lowering surjace tension, and are at the 
same time wetting agents. Thus, the »Carbowax»group represents a 
new type of solvent for carcinogenic hydrocarbons differing in 
principle from both the fat-solvent-type (e.g., benzene, acetone, 
dioxane) and from the »lanolin»-type. 

Aqueous solutions of association colloids furnished another 
type of carriers for carcinogenic hydrocarbons (4, 5, 6, 7, 18). To 
the group of association colloids belong various detergents ‘and 
wetting agents, and also several substances found in the living 
organism. The simple molecules and ions of these substances 
associate in aqueous solution to give micelles, and these micelles are 
able to bring certain quantities of carcinogenic hydrocarbons into 
solution. The resulting aqueous solutions are both clear and stable, 
and furthermore usually have low surface tensions. They therefore 
just as well spread over the skin and penetrate it to some extent 
(5). Investigations with the fluorescence microscope revealed that 
the solubilized carcinogen thus also enters the tissues. Treatment 
of the mouse skin with these solutions resulted in multiple, 
progressively growing warts (6, 7, 18). The aqueous association 
colloid. solutions also differ in principle both physically and 
chemically from the »ordinary» fat solvents and also from the fats 
and oils used as solvents in chemical carcinogenesis. 

Because lanolin is not a pure chemical compound, but a mixture 
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of esters and free alcoholic compounds we have not considered it a 
suitable carrier for the carcinogens in our systematic studies of 
the »solvent effect». When we studied new carriers with definite 
chemical and physical properties in our experiments, certain 
phenomena were encountered, which were to some extent similar to 
those observed when lanolin was used. We have therefore conducted 
a number of experiments using lanolin as solvent for the carcinogens. 
Some of these observations are briefly dealt with in the present 
report along with certain other observations. We do not, however, 
want to draw any final conclusions as to whether lanolin per se has 
any »anticarcinogenic action» or not. 


EXPERIMENTAL PROCEDURES 


The animals used were white mice of the same anonymous Strain, 
of both sexes used during several years in our experiments. The total 
number of animals, in the present study, was about five hundred. 

The mice were painted three times a week on a large area of the 
back. Prior to each application the hair was clipped with scissors. 
Careful note was made of the general condition of the animals, the 
survivor rate in each group, the epilation of the skin, and the 
development of tumours. 

As »carriers» the following compounds were used: (J) anhydrous 
lanolin; (2) aqueous lanolin; (3) acetone, and (4) dioxane; (5) unmelted 
»Carbowax 1500»; (6) aqueous solution of »Triton NE»; (7) aqueous 
solution of sodium cholate; (8) aqueous solution of sodium myristyl 
sulphate, and (9) aqueous solution of sodium oleate. 

The carcinogen used was 9.10-dimethyl-1.2-benzanthracene 
(Eastman Kodak Co., Rochester, N.Y.). The concentration of the 
carcinogen varied from 0.25 to 0.3 per cent in lanolin and »Carbowax» 
and from 0.03 to 0.3 per cent in acetone and dioxane. The »Triton» 
solution contained about 0.07 per cent carcinogen, and the aqueous 
solutions of »Duponol, sodium cholate and sodium oleate about 
0.03 per cent respectively. 

The fluorescence experiments were carried out in the same 
manner as in our previous works (12, 14). It may be mentioned 
that the carcinogen 9.10-dimethyl-1.2-benzanthracene exhibits a 
strong fluorescence when dissolved in »Carbowax» (12), or solu- 
bilized in the aqueous solutions of association colloids (6, 7, 18). 
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Some experiments with colchicine were also made. They were 
carried out in the same manner as reported earlier (15, 17). Colchi- 
cine (Merck, Darmstadt) was dissolved in dioxane to give a con- 
centration of 0.1 per cent. The concentration was also the same in 
the association colloid-group. 

The pathological specimens were investigated in usual way. 


RESULTS 
Fluorescence Studies 

The number of animals in the fluorescence experiments was 
about 75. In an earlier paper (14) (and unpublished) it has been 
described some observations concerning the general histological dis- 
tribution of the carcinogen when applied to skin of mice. It appeared 
that the carrier of the carcinogen seemed to exert some influence 
upon the general histological localization of the substance in the skin. 
According to Berenblum and Schoental (1), we found that when 
acetone and benzene were used as solvents for 9.10-dimethyl]-1.2- 
benzanthracene, a considerable amount of the solvent evaporates 
immediately, and the effective concentration of the carcinogen 
is therefore much higher than the original concentration of 
the solution. Crystalline hydrocarbon was observed at the skin 
surface. The histological localization and distribution of the 
carcinogen applied in acetone and dioxane was, also in our experi- 
ments, the same as has been previously described in the literature. 

When unmelted »Carbowax 1500» was used as carrier for the 
carcinogen there were no, or only a few, hydrocarbon crystals at the 
surface of the epidermis?. The fluorescent material appeared in all 
layers of the skin in a few minutes after the application of the car- 
cinogen. It seemed that the carcinogen dissolved in water-soluble 
»Carbowax 1500» was able to enter the epithelial cells, the inter- 
cellular spaces and other cutaneous elements quite freely. 

When anhydrous lanolin was used as carrier the following could 
be observed: No crystalline hydrocarbon was detectable on the skin 
surface. The fluorescent material was observed in the keratin layer 
of the epidermis and in the sebaceous elements. No certain fluores- 
cent substance, however, was observed in the epidermis itself nor in 
the subcutaneous fatty layers one hour after the painting of the 


1 Only when the solution was oversaturated. 
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skin. The histological localization was thus different from that seen 
one hour after the application of carcinogen in the »ordinary) 
fat-solvents (acetone, dioxane). It differed also from the distribution 
when »Carbowax 1500» was used as carrier. 

The distribution and localization of the fluorescent material 
dissolved in lanolin differed also from that when the aqueous 
solutions of association colloids were used as solvents for the 
carcinogenic hydrocarbons. These last-mentioned observations will 
be published in detail in another connection. 


Epidermal Carcinogenesis 


Acetone and Dioxane as Solvents. — Nothing new was noticed 
in the present work when compared with the earlier reports in the 
literature. All the preliminary changes appeared that follow, in 
general, the application of an acetone (benzene) and dioxane 
solutions of carcinogenic hydrocarbons, epilation of the skin, 
destruction of the sebaceous elements, efc. For instance, the 
epilation was distinct by the 2"? to 3’ week of the experiment. 
All surviving animals had tumours (innocent and malignant) by the 
12'" to 15'" week (various series) of the experiment. By this time 
all the animals were clearly epilated. This group compriced 50 mice. 

»Carbowax 1500» as Solvent. — There was. no general epilation 
at all. Sometimes, however, a limited weak epilation and the 
development of tumours appeared simultaneously. All surviving 
animals had tumours after about 18 weeks from the beginning of the 
experimental series. (Fig. 1.) This group comprised 35 mice. 

Lanolin as Solvent. — The epilation process developed slowly 
and incompletely. In the case of aqueous lanolin (20 mice) the 
first animals showed signs indicating epilation by the 8th week of the 
experiment. All surviving animals had tumours by the 17'" week. 

In the case of anhydrous lanolin (20 mice) there was no complete 
epilation at all. All surviving animals had tumours by the 15" 
week of the experiment. (Fig. 2.) 

Aqueous Solutions of the Association Colloids as Solvents. — 
Aqueous solutions of four different association colloids were 
usec in the present work. — (a) in the case of aqueous solutions 
of the non-ionogenic association colloid »Triton NE» the first 
signs indicating the beginning of epilation appeared by the 3rd 
week. However, by the 7" week there was a distinct regrowth of the 
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Fig. 1. — Cutaneous tumours induced with 9.10-dimethyl-1.2-benzanthracene 
dissolved in water-soluble »Carbowax 1500». The tumours developed without 


preceding epilation of the skin. 


[June 29, 1948. : 
32. applications of DMBA (00256) ne 
| in lanoline (anhydr.)- 2 

f 









Fig. 2. — Cutaneous tumours induced with 9.10-dimethyl-1.2-benzanthracene 


dissolved in anhydrous lanolin. 


hair in all animals, and after this all the mice were fully haired. 
Neither was there any distinct epilation in the tumour-bearing 
animals. All surviving animals had tumours by the 13'" week of 


the experiment. (Fig. 3.) This group comprised 10 mice. 


(b) in the case of aqueous solutions of sodium cholate the first 
animals showed a distinct epilation by the 4'" week. The majority 
of the animals showed distinct epilation. All surviving animals had 
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Nov. 11, 1948. 
| 39 applications of ‘gin: 
in Triton NE 








Fig. 3. — Cutaneous tumours induced with 9.10-dimethyl-1.2-benzanthracene 
solubilized in aqueous solution of the association colloid »Triton NE». 


tumours after about 13 weeks from the beginning of the 
experimental series. This group compriced 30 mice. 

(c) When aqueous solution of sodium myristyl sulphate was 
used as carrier for the carcinogen, there was a temporarily epil- 
ation by the 2"¢ week of the experiment. But there was a distinct 
regrowth of hair, and after the 8'® week all the mice were fully 
haired. All surviving animals had tumours by the 19'" week. This 
group comprised 20 mice. 

(d) When an aqueous solution of sodium oleate was used as carrier 
for the carcinogen the following could be noted: There were weak 
signs indicating epilation during the first 3 or 4 weeks. After this 
the animals were fully haired. All surviving animals had tumours 
by the 20'" week of the experiment. This group comprised 20 
mice. (The experiments described in paragraphs c and d will be 
published in detail in another connection.) | 

Some of the results of our experiments are collected in Table 1: 


the concentration of the carcinogen, evaporation, the presence of 
crystalline hydrocarbon detected with the fluorescence microscope 
at the surface of the skin, variation in the »effective concentration, 
the epilation process (in general), and the »average response» (i.e., 
the time in weeks of 50 per cent incidence of tumour-bearing animals 
estimated from the number of mice surviving at the appearance 
of the first tumour/s/). 
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i TABLE 1 

| z 
oe Crystalline | Variation in Se est 
Carrier for the g 2 < Evaporation Hydrocarbon »Effective ae = g Ee 
Carcinogen BST at the skin Concentra- (general) > aS 
o* Surface tion» te~ 
Acetone ....-- 0.03 | Distinct Yes Higher Distinct 7 
‘Acetone ...... 0.3 Distinct Wes Higher Distinct 6 
DIOKANC. 4.2650 0.03 | Distinct Yes Higher Distinct 4 
Dioxane .....- 0.3 Distinct Yes Higher Distinct 6—7 
‘Anh. lanolin 0.25 | Not evident No Unchanged | Weak 10 
Aqu. lanolin....| 0.25 | Not evident No Unchanged | Weak 10 
Carbowax? 0.03 | Not evident No Unchanged | No(?) 20 
Carbowax? 0.25 | Not evident No Unchanged | Weak or No 11 
Huponol® 6:6... 0.03 | Not evident No Unchanged | Weak or No 9 
Triton NE! ....| 0.07 | Not evident No Unchanged | Weak or No 9 
Sodium cholate! | 0.03 | Not evident No Unchanged | Distinct 11 
Sodium oleate! | 0.03 | Not evident No Unchanged | Weak or No 18 








1 Aqueous solutions of association colloids. * In unmelted state. 


It has thus been found that (7) 9.10-dimethyl-1.2-benzanthracene 








maintains its carcinogenic activity also when applied in lanolin 
solution [as reported by Berenblum and Schoental (1)], (2) that 
neither with lanolin nor with »Carbowax« and aqueous association 
colloids (Triton NE, Duponol, sodium cholate, sodium oleate) was 
crystalline hydrocarbon observed on the skin surface, (3) con- 
sequently the »effective concentration» of the hydrocarbon 
remained thus unchanged in these compounds. 


The »Colchicine Effect» 

Colchicine has been used in two earlier works (15, 17) as co-car- 
cinogenic agent. It appeared that the effect seemed to be depen- 
dent upon several factors modifying the results, e.g., the character 
of the solvents. 

Thus, it appeared that when »Carbowax 1500)» was used as 
carrier for the carcinogen, the average time of response was 
shortened (when certain concentrations of the carcinogen was used), 
or the number of individual tumours was increased (15, 17) (and 
unpublished). 

When, however, colchicine (dissolved in dioxane) was applied 


‘simultaneously with the carcinogen (dissolved in anhydrous lanolin) 


the average time of response increased considerably. 
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A similar observation was made when an aqueous solution of 
the association colloid »Triton NE» was used as solvent. In some 
series the addition of colchicine completely inhibited the develop- 
ment of tumours. (These and related observations will be published 
in detail elsewhere.) 


DISCUSSION 


Our observations illustrate from different sides the significance 
of the solvent in connection with skin carcinogenesis in mice. They 
reveal that the volatility or non-volatility of the solvent used is of 
considerable importance, but show also that the increase in the 
concentration of the carcinogen as a result of the evaporation 
of the solvent is not the only factor to be recognized if one is to 
clear up the differences between the two groups of solvents studied. 
Even in each group, for instance, among the non-volatile solvents, 
marked differences may be noted. 

Thus, for instance, fluorescence studies have indicated that 
the localization of the fluorescent substance shortly after the 
application depends on what solvent is used. The type of solvent 
sums to affect the rate by which the carcinogen is absorbed 
by the skin and the pathways for the passage of the carcinogenic 
hydrocarbons through the skin. Lanolin solutions differ in this 
respect, for example, both from the fat-solvent solutions (benzene, 
acetone, dioxane) and from the non-volatile water-soluble »Carbo- 
wax» as well as to some extent from the aqueous solutions of 
»Triton NE», »Duponol]», sodium cholate and sodium oleate. 

The first signs (i.e., destruction of the sebaceous elements, 
changes in the hair follicles, epilation) which precede tumour 
formation in the skin carcinogenesis in mice when fat-solvents 
are employed, are partly observed (epilation) also when the carcino- 
gen is applied in aqueous solution of the association colloid sodium 
cholate, but are not so distinct when lanolin, »Carbowax 1500», 
aqueous »Triton NE» solution, or the aqueous solution of the 
association colloid sodium oleate are used as carriers. This indicates 
that skin tumours (both innocent and malignant ones) can develop 
without the distinct appearance of the mentioned preceding epider- 
mal changes when certain carriers are employed. Because of this one 
can ask with good reason whether these »precarcinogenic» phenomena 
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are essential prerequisites in skin carcinogenesis in mice (as earlier 
supposed). 

Experiments with added material (colchicin, 15, 17) substantiate 
very clearly the observation that the type of solvent is of great 
importance in chemical carcinogenesis. 

The experiments we have described were not conducted with 
the particular purpose of throwing light on the effective con- 
centration of the carcinogen when volatile and non-volatile solvents 
are used. Some interesting observations may, however, be 
mentioned. A concentration of 9.10-dimethyl-1.2-benzanthracene 
solubilized in aqueous »Triton NE» solution has approximately the 
same average response as a3 ¥% times as concentrated solution of the 
same hydrocarbon in lanolin or in water-soluble »Carbowax 1500». 
None of these solvents are members of the volatile solvent-group, 
and hence no change in concentration due to evaporation may be 
expected when they are used. Further, the average response was the 
same (from 9 to 11 weeks) with a 0.25 per cent solution of the car- 
cinogen in lanolin and unmelted »Carbowax 1500» as with certain 
aqueous solutions of other association colloids »Duponol» and sodium 
cholate containing only 0.03 per cent, i.e., about one eighth as much 
of the same carcinogen. In these cases there occurred neither 
evaporation nor variation in the effective concentration at the skin 
surface. 

It is obvious that changes in the concentration occur later in the 
permeating processes when the carcinogen solution comes in contact 
with different substances (fluid, semifluid, and solid) on and in the 
skin. This exchange takes place differently when the solvent and 
the skin substance in question are wholly or partly soluble in each 
other or miscible with each other, or when such is not the case. In the 
latter case we are concerned with the distribution of the carcinogen 
between solvent and skin substance, and the solubility of the 
carcinogen in each is the determining factor. It is easily seen that 
the type and properties of the solvent will to a certain degree deter- 
mine the way in which the carcinogen solution permeates into 
the skin elements and which component of the latter comes into 
contact with the solution in the first place. 
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The penetration of fluids through the skin is very much 
restricted, partly because of the keratin covering and the fatty 
film over the surface, but also because of the close texture 
of the cells (9, 10, 11). According to a review of this subject by 
Rothman (10, 11), which will be shortly quoted in this connection, 
the transitional layer between the cornified and non-cornified 
epithelium are the real barriers to absorption. He emphasized the 
importance of an electrical double layer in this region. 

The greasy layer consists mainly of waxes and cholesterol esters. 
It hinders the wetting of the cornified surface and delays the 
penetration of water and aqueous solutions into the horny layer. 
Particularly with warm water, the penetration of aqueous solutions 
into the horny layer becomes possible. The horny layer itself 
represents a rather rough network of horny lamellae with large 
holes in it and therefore is easily permeable to ions as well as to 
large molecules. The barrier at the lower level of the stratum 
corneum is responsible for the inpermeability of the skin to aqueous 
solutions of electrolytes. 

Qualitatively it has been proved that lipoid-soluble substances 
penetrate the skin, whereas substances insoluble in lipoids do not. 
Quantitatively, however, this rule cannot be carried through 
consistently. Some authors suggest that a certain degree of solubility 
in water together with high solubility in lipoids is optimum for 
absorption through the skin. The idea that the permeability to 
lipoid-soluble substances is due to a sterolphosphatide framework 

in the cell or in the membrane was reviewed and experimentally 
supported by Starkenstein and Hendrych (22). According to 
Rothman (11), any disturbance of the lipoid framework either by 
precipitation or by dissolution of cholesterol breaks the barrier of 
skin absorption. Previous treatment of the skin with lipoid solvents 
(chloroform, ether) which dissolve cholesterol, or with saponins, 
which precipitate it, makes the skin permeable to water-soluble 
substances and diminishes the permeation of lipoid-soluble 
compounds. | 

The mechanism of percutaneous absorption as a whole becomes 
rather complicated by the presence in the skin of gland ducts and 
hair follicles which open on the surface in the form of visible pores. 
The space in these is loosely filled with greasy, horny scales and air. 
Any substance may penetrate this space and reach the ducts of 








ca 
fa 
ti 
ch 
as 














SOME REMARKS ON THE )SOLVENT EFFECT) OF LANOLIN 123 


sebaceous glands, and from these the gland cells. This pathway does 
not require passage through a stratified epithelium but leads 
through a canal filled with air to cell membranes, the permeability 
of which is higher than of the transitory epidermal cells. Similarly, 
the penetration may occur through the sweat gland cells. 

Water and aqueous solutions do not enter the follicular and 
glandular pores by mere capillary attraction because of insufficient 
wetting. Animal (e.g., lanolin) and vegetable fats and oils penetrate 
the skin via the pilosebaceous elements (apparatus). Mineral fats 
and oils also enter the sebaceous glands and are absorbed. Pene- 
tration of animal, vegetable and mineral fats through the epidermis 
proper has never been conclusively demonstrated. 

In view of the foregoing it is understable that the solutions of 
carcinogenic hydrocarbons in various solvents should show a 
different behaviour. Solutions in fats and oil, lanolin, for example, 
penetrate the skin through the sebaceous glands. Solutions in the 
volatile fat solvents (benzene, acetone, dioxane) also are drawn 
into the gland ducts. They destroy the sebaceous elements in , 
mice. These solvents evaporate readily, however, and leave the 
carcinogen more or less dissolved in the greasy layer of the skin 
or in the ducts of the sebaceous glands. It would seem most probable 
that the carcinogen enters the last mentioned way. One should also 
take into account the possibility that the solvent may cause damage 
in the sterolphosphatide framework in the epidermis itself and 
thus effect an alteration of the conditions for absorption in the skin. 
The water-soluble »Carbowaxes» make it possible for the dissolved 
carcinogen to enter both through the sebaceous glands and directly 
through the epidermis. Owing to their low surface tension and defi- 
nite wetting power also aqueous solutions of the association colloids 
are able to enter via the sebaceous glands but it may be expected 
that some of them will be able to enter through the epidermis. 
Both the aqueous association colloid solutions and the »Carbowaxes» 
are capable of dissolving cholesterol. 

As mentioned above, we have made a systematic search. for 
carriers of carcinogenic hydrocarbons that are »both water- and 
fat-soluble». The »Carbowax»-type of solvent is the one representa- 
tive of this kind of solvent that we have met in our studies of 
chemical carcinogenesis. The aqueous solutions of the various 
association colloids represent another type. By employing these 


9 — Ann. Med. Exper. Fenn. Vol. 28. Fasc. 2 
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new solvents and certain others of various types in connection with 
certain other factors, we intend to carry out a systematic study 
of the significance of the solvent in chemical carcinogenesis. 
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An apparently non-specific increase in the antistreptolysin 
(AST) titer occurs in contaminated sera (5, 8) in pleural exudate 
and in sera treated with acid or alkali (13) and in sera from patients 
with infectious hepatitis (6, 14, 18). Sievers (14) as well as Wester- 
gren (18) has compared the occurrence of these high titers with 
different liver function tests. Recently Packalen (13) has made an 
attempt to explain all these non-specific AST reactions in a uniform 
manner. His opinion is that »the primary mechanism of the non- 
spesific antistreptolysin reactions is a breaking up of the lipo- 
protein complexes in which the serum lipids are supposed to occur. 
The uncovered active-OH groups of the freed cholesterol combine 
with the streptolysin molecules, thus preventing them from attacking 
the red cells. The breaking up process may be brought about, inter 
alia by the action of acid or alkali, or bacterial enzymes or enzymes 
liberated or activated through the disintegration of liver cells in 
hepatitis or leucocytes present in exudates of some duration». 

Packalens experiments show i.a. that the AST titer in hepatitis 
sera becomes normal if the serum lipids are extracted from the 
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serum for instance with acetone and ether in the cold. According to 
Blix (1), who has described the method, this does not appreciably 
change the serum proteins. 

Thus the real AST value of a given hepatitis serum could be 
estimated after extraction of the serum lipids. Serum lipid extraction 
with acetone and ether according to Blix (1), or with ether at 
—25° C€ according to McFarlane (9) would probably be too time- 
consuming for a serological laboratory. It was concluded that the 
same result would probably be achieved by using Bentonite for the 
removol of the lipids. Bentonite (montmorillionite) has been used 
by Hansen (4) for removal of antiproteolytic serum factors for i.a. 
diphtheria antitoxin purification. Suitable amounts of bentonite sol 
added to diluted serum also precipitates, besides remnants of fibrin 
and euglobulin cholesterol and lipids without any appreciable 
change in the antitoxin content of the serum (4). 

It has also been shown (10, unpublished work) that precipitation 
with bentonite to a given bentonite concentration does not notice- 
ably decrease the serum proteins, while the serum lipids decrease to 
about 15 per cent of the original amount. It thus seems that the 
use of bentonite is indicated for the above purpose.! 


MATERIALS AND METHODS 


Materials. — Sera were heated to 56° C. for 30 minutes When 
not immediately used they were stored at —8 to —15° C. 

Methods. — Antistreptolysin titrations: The AST determinations 
were made according to a technique described elsewhere (11). The 
mean error for AST determinations, in this laboratory, has been 
calculated to + 30 per cent (12). 

Precipitation with Bentonite Sol. — The bentonite precipitation 
was performed as follows: Serum was diluted one to ten. According 
to an unpublished work (10), the differences in total nitrogen and 
lipids were very small whether the pH of the serum was 5.5 or 7.0 
to 7.3 as in normal serum. Therefore the pH was not adjusted 
before precipitation. The diluted serum was distributed in amounts 
of 1 cc into Widal tubes. To the first tube was added 1 cc of 0.9 
per cent saline, to the following 1 cc of a 0.2 per cent bentonite sol 


1 We are indebted to Dr. A. Hansen, of The State Serum Institute, Copen- 
hagen, who has kindly supplied the bentonite for this experiment. 
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prepared in distilled water and to each of the following tubes 1 cc 
of a 0.25 per cent, 0.5 per cent and 0.75 per cent bentonite sol 
respectively. For the electrophoretic and lipid analysis the pre- 
cipitation was performed with a 2 per cent bentonite sol added in 
equal parts to undiluted serum. The tubes were carefully shaken 
and allowed to stand at room temperature for 15 minutes. After 
this time there could be seen a very marked flocculation in one or 
more of the tubes, which were then centrifuged for 10 minutes 
at 2,000 r.p.m. The supernatant which in the tubes with marked 
flocculation was water clear, was pipetted off for AST deter- 
minations. 

Lipid Extraction with Acetone and Ether. — This was performed 
according to the technique described by Blix (1). 

Lipid Determinations. — The method used is one described else- 
where by Vesa and Kalaja (17). 

Electrophoretic Analyses. — The electrophoretic analyses were 
performed with the apparatus described by Tiselius (16) and using 
an optic system as described by Svensson (15). The serum was 
subjected to dialysis against a phosphate-NaCl buffer (pH 7.8, 
ionic strength 0.15) for three days and diluted with the same 
buffer to a final protein concentration of 1.5 per cent. The electro- 
phoresis was carried out at a temperature of 1.0 C with a potential 
gradient of 5—6 volts per cm and for 135 minutes. From the dia- 
grams was calculated the mean of the ascending and descending 
sides for each component and from these relative values the 
absolute value of each component. The total nitrogen was deter- 
mined using the micro Kjeldahl method. 


RESULTS 


The antistreptolysin titer was increased in 29 out of 44 patients 
with hepatitis, or in 65 per cent of the cases. About 30 per cent of 
these patients showed arthritic symptoms before or in the beginning 
of the disease, which were very typical of this epidemic (7). It was 
not possible to show any correlation between the occurrence of 
increased AST and arthritic symptoms. The AST titer attained its 
maximum during the climax of the icteric state, reaching usually 
normal values during convalescence as soon as the icterus dis- 
appeared. 
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The correlation between total and esterified cholesterol and AST 
during the disease in one patient is shown in Fig. 1. During the 
icteric state there is usually a striking decrease in esterified chole- 
sterol in the serum and a corresponding increase in »free» — L.e. 
not esterified cholesterol (3), and when in this case the amount of 
»free» cholesterol was at its maximum the AST titer also showed 
its highest value (Fig. 1). 

In Packalens opinion the >free» serum cholesterol inhibits the 
streptolysin-hemolysis by combining with the streptolysin mole- 
cules. In order to prove that the cholesterol really acts upon the 
streptolysin molecules and does not change the added red cells 
rendering them less permeable, which probably could be assumed, 
the following experiment was made. Red sheep cells were suspended 
in cholesterol suspension of decreasing concentrations starting 
with a concentration of 0.1 per cent and following twofold dilutions, 
making a 2 per cent red cell suspension on two series of 12 tubes each. 
The mixture was incubated at 37° C for half an hour. After centri- 
fugation the cholesterol suspension was pipetted off and in the one 
series the cells were washed once with 0.8 per cent saline. To all 
tubes in both series a given amount of streptolysin was added, 
mixed with the red cells and the tubes were reincubated for 45 
minutes longer. A Parallell test was made by mixing the same 
dilutions of cholesterol (12 tubes) with the same amount of strepto- 
lysin incubating the mixture for 30 minutes at 37° C. After the 
incubation fresh red cells were added and the mixture was again 
incubated with the other series for 45 minutes more. The results 
are shown in Table 1. 

It is as expected apparent that the inhibition of the hemolysis is 


TABLE 1 


ANTIHEMOLYTIC EFFECT OF CHOLESTEROL ON RED CELLS AND STREPTOLYSIN 

















Inhibition of 
—_— Hemolysis 4 
Cholesterin treated red cells (unwashed) + streptolysin .. 2 | 
Cholesterin treated red cells (washed) + » ae -- 
Cholesterin treated streptolysin + red cells ............ 4,096 | 








1 Inhibition of hemolysis is expressed as reciprocal values of the titer 
obtained. 
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due to the action of cholesterol on the streptolysin and not on the 
red ceils. 

As mentioned before, precipitation with bentonite sol has been 
performed using four concentrations of bentonite sol suspensions, 
and some of the sera were also treated with acetone and ether. 
Both kinds of lipid extractions have been used in six hepatitis sera, 
three normal sera and seven sera with apparently a specific increase 
in AST. Only the results with these sera are shown in Fig. 2. The 
curves represent the mean of the curves for each serum in the 
groups. 

The lipid extraction ad modum Blix gives the same results as 
given by Packalen, i.e. in sera with specific increase in the AST 
titer there is only an insignificant decrease in titer whereas the AST 
titer in hepatitis sera decreases to normal values. In normal sera 
the circumstances are the same as in the sera with specific rise in 
AST. After precipitation with the lower concentrations of bentonite 
sol, i.e. 0.20 and 0.25 per cent the results are nearly similar to those 
obtained after lipid extraction with ether and acetone. However, 
the AST titer of hepatitis sera does not decrease significantly with 
these concentrations. Precipitation with greater concentrations of 
bentonite sol causes, in all sera, a decrease in AST, which is about 
proportional to the used concentration of bentonite sol. The 
decrease is more pronounced in hepatitis sera, and the difference 
between the behavior of these and the sera with specific AST is 
statistically significant, but still very small. 

According to Hansen (4) an excess of bentonite sol beyond the 
precipitation limit brings about a loss in antitoxin. Thus it is 
obvious that the decrease in AST titers after precipitation with the 
higher concentrations of bentonite sol depends upon an immediate 
loss in proteins and antibodies which also has been shown else- 
where (10). It could probably be stated in addition that the loss in 
proteins is somewhat different in different sera and probably most 
pronounced in hepatitis sera. 

Thus the precipitation should be carried out with a bentonite sol 
concentration not exceeding 0.25 per cent for a serum diluted 1: 10. 
However, this concentration does not cause any significant decrease 
in the AST titer of hepatitis sera even if this procedure is expected 
to decrease the serum lipids considerably. To find the reason the 
proteins and lipids were analyzed before and after bentonite pre- 
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TABLE 2 
AST DETERMINATIONS, ELECTROPHORETICAL PROTEINANALYSES AND CHEMICAL 
LIPID ANALYSES IN ONE NORMAL SERUM, ONE SERUM WITH SPECIFIC INCREASE 
iN AST AND ONE HEPATITIS SERUM BEFORE AND AFTER BENTONITE. PRECIPITA- 
TION, AND AST DETERMINATIONS AND LIPID ANALYSES IN ONE NORMAL AND ONE 
HEPATITIS SERUM BEFORE AND AFTER LIPIDEXTRACTION WITH ACETONE-ETHER 


















































Proteins Lipids 
+ globulins. = omnly a 
Type of Serum 2 g = aes AST» 
2 alb.| g | g | y < = £ 2 2 
© 
»Normal» before bentonite 
SVE.) ieecya oo cis aisve Wiese 7.25 | 4.07 | 0.68 | 0.99 | 1.51 99} 256] 244 
»Normal» after bentonite 
LOC sa Hewsioe eitaraauetant 7.18 | 4.56 | 0.36 | 0.64 | 1.62} 20) 81 81 
»Spec.incr.» before bento- 
MICE PTEC ss kicwsna sn 8.80 | 3.73 | 1.02 | 0.83 | 3.22 | 131] 230] 213 | 2,500 
»Spec.incr.» after bentonite 
DICE: shsissSeGawalsieiaane 7,22 | 3.66 | 0.66 | 0.38 | 2.72} 10] 68 68 | 1,250 
»Hepatitis» before bentonite 
PCC: a asGAeee aimee 7.53 | 3.77 | 0.75 | 1.39 | 1.62} 78] 369) 335 | 1,250 
»Hepatitis» after bentonite 
PSUEOE istieisrereeirericmrs mess 5.47 | 3.75 | 0.24 | 0.88) 1.10] 19) 43 37 320 
»Normal» before extraction! 178} 246) 218 
»Normal» after » 34! 72 30 
»Hepatitis» before extrac- 
WON os. o ai cic aa eS 178] 536} 492 | 6,400 
»Hepatitis» after extraction 12} 70 20 125 








1 Acetone-ether extraction. 


cipitation with three sera electrophoretically and by chemical 
analysis, and the results were compared with the AST titers before 
and after precipitation. The results of these analyses are given in 
Table 2, which also includes the results of similar analyses of one 
normal serum and one hepatitis serum extracted with ether and 
acetone. 

The electrophoretic analyses show that the mobility of all the 
serum components before and after precipitation is unaltered. 

There is probably a small loss in y-globulin especially in the 
hepatitis serum, and in all sera a significant loss ina and f-globulins 
which is most pronounced in the hepatitis serum; in other words, 
the bentonite precipitation removes the components of the serum 
whére the greatest part of the serum lipids are supposed to occur (2). 
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The increase in albumin and total protein in the normal serum is 
apparently only a fictive one. 

The lipid content of all the sera after bentonite precipitation has 
decreased greatly. For instance, the total amount of cholesterol 
decreased about 75 per cent. The same holds true also for the phos- 
phatides in the hepatitis serum. It seems as though the remaining 
phosphatides should belong to the ether soluble phosphatides. The 
results obtained with ether-acetone extraction of the lipids are simi- 
lar on the whole. Probably the decrease is more pronounced, but some 
lipids still remain in the serum. These results are not in full agree- 
ment with those of Blix who was able to remove the cholesterol 
completely but on the other hand according to Blix a certain amount 
of phospholipids was not extracted which has also been shown here. 
Probably this depends upon the fact that it was somewhat diffi- 
cult to keep the temperature at —14° C. The fact still remains that 
in spite of a similar decrease in lipids the AST titer decreases after 
acetone-ether extraction, but not after bentonite precipitation. 

An attempt was made to compare the bentonite precipitation 
and ether-acetone extraction in another manner. There is a remark- 
able increase in AST titer in infected sera. Packalen suggests that 
the cause is a breaking down of the lipoprotein complexes due to 
bacterial enzymes. If the lipids are extracted with acetone and 
ether there is no change in AST whether the serum is infected or 
not. From the above experiments it seems likely that precipitations 
with bentonite sol removes in particular these lipoproteins. Thus a 
serum treated in this way should not show any rise in AST titer 
after infection. Results confirming this appear in Table 3. 


TABLE 3 


AST TITERS IN BENTONITE TREATED AND UNTREATED SERA AFTER INFECTION 
WITH PSEUDOMONAS PYOCYANEUS 
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DISCUSSION 


Starting from the standpoint that the AST reactions in hepatitis 
are non-specific the purpose of this work was to find out an easy 
method for the estimation of the real AST value in these sera. It is 
apparent that the method used does not adapt it self to this pur- 
pose. However, it would seem that these experiments, to some 
extent, contribute to the question about these non-specific reac- 
tions. If Packalens explanation of the primary mechanism for all 
non-specific AST reactions holds true, which is probable (Table 1, 
Figs. 1 and 2), the fact that it has not been possible to show any 
significant difference between the ratio total/esterified cholesterol 
in normal sera on the one hand and hepatitis sera, infected sera and 
pleural exudate on the other is surprising. Also it is astonishing that 
there is no significant decrease in the AST titer in hepatitis sera, 
despite an approx: 75 per cent decrease in serum lipids following 
bentonite precipitation. In our opinion there are two possible 
explanations of these circumstances. 

(a) The primary mechanism of the non-specific reactions is that 
suggested by Packalen, but also lipids other than the cholesterol 
react with the streptolysin molecules, and probably bentonite 
does not remove these lipids. Hewitt and Todd (5) have shown 
that also lecithine inhibits the hemolytic power of the streptoly- 
sin although less than the cholesterol. This probably holds true for 
other serum lipids. Because such lipids occur also in normal sera 
without any increase in AST, it would seem that the lipids in 
sera or pleural exudate with non-specific AST have a greater 
tendency to combine with the streptolysin molecules than »normal» 
serum lipids. 

(b) Some other acetone or ether soluble compounds of the 
serum, together with the lipids or alone, are responsible for these 
reactions; possibly compounds which undergo some kind of 
denaturation during the acetone-ether extraction. 

We agree with Packalen that as long as we.do not know the 
exact manner in which the lipids occur in a serum, it is difficult 
to draw any definite conclusions regarding their part in the non- 
specific AST reactions. 
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SUMMARY 


Most hepatitis sera show strongly increased AST titers, which 
apparently are non-specific. About one-third of the patients in this 
investigation showed arthritic symptoms, which were typical of this 
epidemic. There was no correlation between the occurrence of 
arthritis and increased AST. 

In one patient the decrease in AST titer from an initial high 
titer ran parallel to the decrease in free cholesterol. 

Precipitations with bentonite sol of concentrations which did not 
influence the serum proteins had no significant effect on the AST 
titer in hepatitis sera, although about 75 per cent of the serum 
lipids were absorbed by the precipitate. On the other hand, extrac- 
tion of the lipids with acetone-ether resulted in an apparent drop in 
titer, despite the fact that the residue of lipids was of the same 
degree as after bentonite precipitation. 

The probable explanation of this incongruity is discussed, and 
it is suggested that the serum lipids in hepatitis sera probably 
have a greater affinity to the streptolysin molecules than »normal» 
lipids. 
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There are several clinical methods of estimating the activity of 
the adrenal cortex. The methods are classified as direct or indirect. 
The direct methods are based on either biological or chemical 
analyses of adreno-cortical hormones. Chemical hormone analyses 
are better suited to clinical practice than the biological ones. Among 
chemical hormone analyses the method of Heard and Sobel (4) is at 
present regarded as the simplest and the most practical. It is used 
for determining the amount of neutral lipid-soluble reducing sub- 
stances excreted in urine. The reducing property is characteristic 
of those corticosteroids and their metabolites that are biologically 
active. The method of Heard and Sobel thus gives a more reliable 
indication of adreno-cortical activity than does a mere determina- 
tion of 17-ketosteroids. But all hormone analyses are still relatively 
complicated. That is why clinical practice has, in general, recourse 
to the so called indirect methods, by which is meant study of the 
effects particular to the hormones of the adrenal cortex (13, 14). 
The simplest one of these methods is observation of the changes 
in the white blood count. 


Selye pointed out that adreno-cortical hormones caused a fall in the 
lymphocyte count. Dougherty and White (2) found that an injection of the 
adreno-corticotropic hormone of the hypophysis (ACTH) produced an 
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increase in the neutrophils and a decrease in the lymphocytes. Forsham 
et al. (3) observed that ACTH caused a considerable fall of circulating eosino- 
phils in patients with normal adreno-cortical function, while patients with 
Addison’s disease failed to show this response. Similar changes in the white 
blood count have been found to accompany many of the stresses of Selye’s 
general-adaptation-syndrome. A plausible conclusion is that the extent of 
changes in the white blood count can be used as a simple standard in esti- 
mating the reactive property of the adrenal cortex in different individuals. 


In view of the above considerations the activity of the adrenal 
cortex in cancer patients appeared to be a subject worth studying. 
Parviainen (8) has previously shown that radium therapy is accom- 
panied by quantitative changes in the serum cholesterol and that 
these changes seem to be indicative of the prognosis of the case. 
Cholesterol is known to be an important factor in the production 
of adreno-cortical hormones (12). Thus we have especially wished 
to elucidate adreno-cortical response to radium application. For 
that purpose we began to follow changes in the white blood count 
in cancer patients treated with radium. We have paid special atten- 
tion to the number of circulating eosinophils, which are considered, 
e.g. by Thorn ef al. (13), to decrease the most readily as the hor- 
mone production of the adrenal cortex increases. 


Isaacson and Rapoport (6) have observed that eosinophilia in a cancer 
patient is, in the absence of other causes, indicative of dissemination of the 
malignant process. 


Our first aim has been to find out whether the changes in the 
white blood count that follow radium application may be due 
to an increased activity of the adrenal cortex. For that purpose we 
have determined both the white blood count and the urinary neu- 
tral lipid-soluble reducing substances in 5 cases. 


MATERIAL AND METHODS 


Our series consisted of 5 cases, of which 3 were carcinomas of 
the cervix and 2 were carcinomas of the corpus uteri (Table 1). In 
all cases white blood counts were made from capillary blood on 
successive Mornings. Simultaneous determinations of the 24-hour 
urinary excretion of neutral lipid-soluble reducing substances were 
carried out by the method of Heard and Sobel (cf. Parviainen, 
Soiva, and Vartiainen (9)). 

Table 1 gives the determinations before radium application. It 
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TABLE 1 
Case Age Diagnosis 
1 40 Ca colli uteri Gr. I (II) 
2 30 Ca colli uteri Gr. II 
3 55 Ca colli uteri Gr. III (IV) 
4 63 Adenoca corp. uteri 
5 66 Adenoca corp. uteri 
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Examinations before Radium Application 
White Blood Count oh pial. | Reducing Sub- 
Number of Lympho-|_ Percentage of Urine en 
All Leuco-| Eosino- . a Eosino-|Lympho-|Excretion | mg per| mg per 
cytes phils y phils cytes ce 100 ce | 24-hours 
10,720 322 2,305 3.0 21.5 1,300 0.201 2.61 
6,860 137 2,127 2.0 31.0 710 0.174 1.24 
8,000 280 1,680 3.5 21.0 1,100 0.128 1.41 
6,400 128 3,168 2.0 49.5 1,250 0.208 2.60 
7,000 175 2,135 2.5 30.5 1,380 0.105 1.45 
First Radium Application 
; Radium Time of Amount of Prognosis 
— oe Treatment Radium 
Ueres: | Sapee hours mg hours 
mg mg 8 
86 80 20 3,320 Bona 
86 80 20 3,320 Dubia 
os 80 22 1,760 Pessima (cura palliat.) 
86 80 20 3,320 Dubia (inoper.) 
86 40 20 2,772 Bona (oper.) 








shows the number of eosinophils, lymphocytes, and all leucocytes 
per 1 cmm of blood. The percentages of eosinophils and lympho- 
cytes are given in separate columns. Data are also given of the 
total 24-hour urine excretion, the amount of reducing substances 
per 100 cc of urine, and the total 24-hour excretion of reducing 
substances on the day preceding radium application. 

We have selected cases with different prognoses and quantities 
of radium used with a view to finding out their effect on the 
excretion of reducing substances and the changes in the white blood 
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Fig. 1. — Variations in the urinary excretion of reducing substances and 
in the number of all leucocytes, eosinophils, and lymphocytes following the 
first radium application. 


count. According to the data given in Table 1, the excretion of 
reducing substances does not seem to be correlated with the white 
blood count. Thus Case 1 presents the highest amount of reducing 
substances excreted (2.61 mg per 24 hours), the highest leucocyte 
and eosinophil counts of our material, and a very high lymphocyte: 
count. In Case 4 again, in which the excretion of reducing sub- 
stances is as high as in the preceding instance, the leucocyte and 
eosinophil counts are the lowest, while the lymphocyte count is 
the highest of our material. The prognosis of this case was ex- 
tremely unfavourable. 
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The effect of radium application on the white blood count and 
the excretion of reducing substances is shown in Fig. 1. The changes 
are presented with the help of percentage curves. The percentages 
were calculated according to the method used by Jailer et al. (7) 
with the pre-treatment values as the basis (the first point or 0 per 
cent). The values for the following days were determined as percen- 
tages of the basic value. 








PER CENT 
OUTPUT OF URINE 0 = 
- 50 
- 75 
-100 
+200 
+175 
+150 ° 
+125 
+100 
+ 75 
+ SO 
REDUCING + 25 
SUBSTANCES 0) \ 
(iN100 CoM - \ 
URINE) 
Tt 25 Ne! 2 ro 25 se at 1 2 3 DAYSAFTER 
CASE1 CASE2 CASES CACL4 = CAGE. «RADIUM 
Fig. 2. — Variations in the output of urine and in the concentration of re- 


ducing substances in the urine following radium application. 


The first curve of each case shows the excretion of reducing 
substances, the first point being the basis, the second showing how 
much higher the excretion was on the day on which the patient was 
treated with radium, the third point giving the percentage on the 
day following the treatment, and the fourth point giving the value on 
the second day after treatment. The second, third, and fourth cur- 
ves give the corresponding percentages of all leucocytes, eosinophils, 
and lymphocytes before and directly after radium treatment. 

As radium therapy, on account of fasting, complete rest in bed, 
etc., strongly reduces urine excretion, the decrease in urine excre- 
tion and the changes in the concentration of reducing substances 
(mg per 100 cc of urine) are given in Fig. 2. The curves are drawn 
according to the method used in Fig. 1. 


10 — Ann. Med. Exper. Fenn. Vol. 28. Fasc. 2. 
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RESULTS 


Fig. 1 shows that the excretion of reducing substances decreases 
during radium therapy. The only exception is Case 3, in which 
the amount of radium used was the smallest of the material. On 
the day following the treatment the excretion of reducing substances 
increased as compared with the amount excreted on the day on 
which the radium treatment was given. In 3 cases the excretion 
even exceeded that previous to radium application, the increase 
being particularly high in Case 5. An exception is Case 4, in which 
the excretion continued to fall. But clinically this case had the most 
unfavourable prognosis of the material. On the second day after 
radium application the excretion of reducing substances decreased 
in all cases. 

According to the above observations the effect of radium appli- 
cation on the excretion of reducing substances varies in different 
cases. During the treatment the excretion generally seems to dec- 
rease. After the treatment there are usually signs of a temporary 
increase in the excretion. | 

Great individual variations are also seen in the white blood 
count. With the exception of Case 3, the leucocyte count rose 
immediately after radium application and decreased on the follow- 
ing days. The number of eosinophils decreased in all cases directly 
after treatment, but on the following days the changes varied 
greatly. The number of lymphocytes also decreased after radium 
application, except in Case 3. 

Examination of the excretion of reducing substances and the 
changes in the white blood count shows that the adrenal cortex 
becomes, in general, more active immediately after radium appli- 
cation, as far as these changes can be held to depend on adreno- 
cortical activity alone. Judging from the changes in the white 
blood count, the activity of the adrenal cortex ought to be con- 
siderably more intense than is shown by the excretion of re- 
ducing substances. In Cases 3 and 4 the results are contradictory. 
In Case 4, for instance, the excretion of reducing substances con- 
tinued to fall, while the changes in the white blood count indicated 
an increased activity of the adrenal cortex. 

As radium therapy is accompanied by a considerable decrease 
in urine excretion, account has been taken of the changes in urine 
































CHANGES IN THE WHITE BLOOD COUNT 141 


excretion and in the concentration of reducing substances (mg per 
100 cc of urine). The results are shown in Fig. 2 by curves represent- 
ing the percentages of the changes. The figure indicates that the 
concentration of reducing substances greatly rises close after 
radium application and generally remains higher than the pre- 
treatment level. 


DISCUSSION 


The cases studied show that radium therapy, with accompanying 
fasting, complete rest in bed, etc., produces changes in the total 
leucocyte, eosinophil, and lymphocyte counts. These changes may 
be chiefly due to radium, as they were somewhat smaller in the 
cases in which less radium was used than usual (Cases 3 and 5). 
The changes, viz. a rise in all leucocytes and a fall in eosinophils 
and lymphocytes, are such as are claimed to be indicative of an 
increased adreno-cortical activity. Thus, the changes observed in the 
white blood count and especially in the eosinophil count are likely 
to indicate the effect of radium application on the activity of the 
adrenal cortex. 

Excretion of reducing substances (mg per 24 hours), which is 
also regarded as a fairly reliable indicator of adreno-cortical activi- 
ty, was in 2 of our cases (Cases 3 and 4) contradictory to the 
changes in the white blood count. In Case 3 the excretion of reducing 
substances increased together with the number of all leucocytes, 
while the fall in eosinophils was slight and the lymphocyte count 
rose, 


In this case the change in the lymphocyte count is similar to that seen in 
psychotic subjects after heat stress (10). 


In Case 4 the excretion of reducing substances continued to 
decrease though the changes in the white blood count indicated 
an increased production of adreno-cortical hormones. In the two 
cases (3 and 4) cancer was far advanced and the prognosis unfavour- 
able. It is just in these cases with an unfavourable prognosis that 
the activity of the adrenal cortex is probably the most seriously 
disturbed, the contradictory findings being possibly due to the 
disturbances. As our material is very small, we cannot enter into a 
detailed discussion of this question, which is further complicated 
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by several unsolved problems. It should be pointed out, however, 
that the contradictory changes in the white blood count and the 
24-hour excretion of reducing substances may be partly due to 
radium treatment, which strongly reduces urine excretion. As we 
have noted in our investigations into toxaemia of late pregnancy (9), 
the amount of reducing substances excreted in 24 hours by patients 
with oliguria is not a reliable indication of adreno-cortical activity. 
In our cancer cases the concentration of reducing substances 
accords better with the changes in the white blood count than does 
the total 24-hour excretion of reducing substances. 


SUMMARY 


The writers have studied the effect of radium application on 
the activity of the adrenal cortex in patients with cancer of the 
uterus. In their study they have used the chemical hormone an- 
alysis of Heard and Sobel and followed the changes in the white 
blood count. They have made the following observations: — 

During radium application the excret‘on of reducing substances 
usually decreases, but it increases temporarily on the day following 
the treatment. In one case with an unfavourable prognosis the 
excretion of reducing substances continued to fall. 

The number of all leucocytes rises immediately after radium 
application, while the eosinophils and, in general, the lympho- 
cytes decrease in number. Great individual variations are to be 
noted on the following days. 

Provided that the foregoing changes in the white blood count 
and the increase in the excretion of reducing substances are in 
causal relation to the increased activity of the adrenal cortex, 
the changes observed are sometimes contradictory, particularly 
in one case with an unfavourable prognosis. 

Radium application greatly reduces the excretion of urine 
and always increases the concentration of reducing substances in 
the urine. } 
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It has been stated that the urinary excretion of ammonia has 
no relation to the water-balance of the body, but that it is condi- 
tioned solely by the needs of the acid-base balance of the organism 
(2). However, when urine samples are collected at relatively short 
intervals, a distinct — if not absolute — parallelism between diuresis 
and ammonia excretion has been observed in man (11). 

The excretion of sodium and potassium, on the other hand, 
has been known, since the 19th century, to follow the diuresis (6, 7). 
The variations in their excretion in the course of diuresis have 
generally been ascribed to the varying tubular reabsorption of these 
ions. However, the corresponding parallelism between the excretion 
of ammonia and water has been suggested a quite different inter- 
pretation: The tubular excretion of ammonia would be regulated 
by the amount of sodium present in the tubular fluid (11). 

In the present work, the course of water, ammonia, sodium and 
potassium excretion as well as that of the urinary pH was followed 
in unanaesthetized dogs, during water diuresis. The results were 
interpreted in a way differing from that presented above: suggesting 
a reabsorption of ammonia along with the tubular reabsorption of 
water and of other electrolytes. 
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MATERIAL AND METHODS 


Three trained bitches of mixed breed were used for the experi- 
ments. Before each experiment, the dog was fasted overnight. 
In order to bring the animal to a standard state, it was given a pre- 
experimental hydrating dose of 30 ml of tap water per kg body 
weight by gavage, 90 min. before the experiment. 30 min. before the 
experiment the dog was taken to a Pavlov stand and catheterized. 
A speculum of Reinius (9) (a piece of glass tube, 10 cm long, 1.0 cm 
in diameter) and a soft, elbowed No. 10 catheter were used. The 
catheter was left in the urethra for the whole time of the experiment. 
The urine was collected in graduated cylinders, against the 
maximum negative pressure of 100 cm H,0O. In nine experiments 
(3 on each dog), the same amount of water as before was 
administered at the beginning of the experiment. In six experiments, 
no second dose of water was given. The animals were trained to this 
procedure, and did not resent it. 

The urine was collected for at least 11% hrs., or until the diuresis 
had subsided. Thus, altogether 140 samples of urine were obtained, 
in which the primary experimental variation was in the excretion 
of water. In these samples, ammonia was determined by Conway’s (2) 
method, and sodium and potassium with a flame photometer (4). 
(Two of the samples were too small to allow the determination of 
sodium and potassium.) The pH was determined with a »Radio- 
meter» glass electrode pH-meter; if the amount available was very 
small, indicator paper was used. 

For the statistics, current methods were used (8). The correlation 
coefficients and their standard errors were calculated. The signi- 
ficance of the difference between zero and the observed correlation 
coefficients was evaluated with the ¢-test. In the tables, p denotes 
the probability that a random sample gives an equal distribution, 
and ¢ the corresponding factor. 


RESULTS 


The concentration of the electrolytes varied under the 
experimental conditions within wide limits: Na from 1.10 to 123.0 
milliequivalents per litre, K from 0.53 to 23.0 m.eq. per ]., and NH, 
from 0.96 to 24.6 m.eq. per 1. As compared to the corresponding 
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normal values in plasma and — accordingly — in the glomerular 
filtrate, the sodium values in urine were lower, the ammonium values 
higher, and the potassium values varied on both sides of the plasma 
concentration, being, however, in general smaller than the normal 
plasma value. 
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Fig. 1. — The results of an experiment on dog called »Corporal, 11.4 kg. 


At time 0, 342 ml of tap water was given by stomach tube. 


Fig. 2. — The results of an experiment on dog called »Diogenes», 11.2 kg. 
No water was administered during the experiment. 


When the excretion of the different components of the urine, the 
pH and the diuresis are plotted against the course of each 
experiment, it is observed that the excretion of water and that of 
the cations analysed in general ran parallelly. The pH showed 
relatively slight changes. In ammonia excretion, long-term changes 
evidently occurred, which tended to keep the level of ammonia 
excretion approximately constant. These long-term changes appear 
as having been superimposed to a short-term variation with diuresis. 
The excretion of sodium also followed diuresis, but at low levels 
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of diuresis — less than 20 ml per 15 min. — the sodium excretion 
showed a tendency to rise to a higher level. For potassium, a similar 
relationship did not obtain, or it was questionable. When the 
sodium excretion was relatively high, it evidently varied with water 
diuresis proportionately more than the excretion of the water itself. 
For ammonia and potassium, the variation appeared proportional 
to water diuresis. At low levels of diuresis, the parallel course of 
diuresis and electrolyte excretion was not very obvious. 

Two representative examples of individual experiments are given 
in the form of a graph in Figs. 1 and 2. 

The range of variation in the excretion of the various components 
of the urine is shown in Table 1. Arbitrarily, the excretions obtained 
with very low urine flows — diuresis less than 10 ml per 15 min. — 
are treated as a separate group. According to this table, the excretion 


TABLE 1 
THE EXCRETION OF WATER, AMMONIA, POTASSIUM AND SODIUM, AND THE PH: 
EXTREME VALUES, AVERAGE, AND STANDARD DEVIATION. nh = NUMBER OF 
SAMPLES 








Diuresis More|Diuresis Less 
All Samples |than 10 ml1/15 |than 10 ml1/15 
min. min. 





Volume m1/15 min. ........ 1.7 — 110 
27.3 + 17.5 | 31.6 + 15.8 | 4.28 + 2.16 
NH, microequivalents per min.| 0.96 — 24.6 
10.61 + 4.28] 10.79 + 4.15) 9.67 + 5.35 




















| err RPA an, Cran ete 6.2 — 7.4 
6.87 + 0.31] 6.92 + 0.28] 6.58 + 0.28 
Ni ASR ccs aan ics Bee ccesO cart 140 118 22 
Na microeq. per min. ...... 1.27 — 57.1 7 
10.61 + 12.38) 11.56 + 13.00} 4.95 + 4.93 
KX microeq. per min. ...... 0.37 — 34.6 
4.44+ 4,85) 4.78 + 5.07) 1.94 + 0.71 
n 138 118 20 
1 Microequivalent = 10—% Milliequivalents. 


of ammonia would not be significantly affected by water diuresis. 
The table also shows that the standard deviation of the sodium and 
potassium values are higher than the averages themselves, i.e. that 
their distribution is very asymmetric and does not warrant an 
ordinary statistical treatment. 
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The distribution of the ammonia and water excretion values — 
as well as that of the pH figures — was symmetrical enough to 
justify the calculation of correlations. The results of these calculat- 
ions are presented in Table 2. This table shows that the ammonia 
values are correlated both to pH and to water diuresis; according 
to this calculation, the effect of pH tends to be more marked than 
that of diuresis. 











TABLE 2 
THE CORRELATION COEFFICIENTS OF AMMONIA EXCRETION WITH PH AND WITH 
DIURESIS 
n = NUMBER OF SAMPLES 
Diuresis More | Diuresis Less 
All Samples | than 10 ml/15]} than 10 ml/15 ! 
min. min. 
Ni —— PH ...45.5% — 0.46 + 0.07} — 0.46 + 0.07} (— 0.24 + 0.20) 
: t 5.69 5.55 1,08 
NH, — — Diuresis ....]| + 0.32 + 0.08] + 0.35 + 0.08] (+ 0.29 + 0.20) 
t 3.90 3.97 1,34 
ea aaaes ss -— Ft -_ : - — 
p = 0.05; t 1.977 1,98] 2,080 
0.01; t 2.612 2.619 2,845 
0,001; t 3.362 3.376 3.850 




















When the individual experiments were compared, it was 
observed that between the individual experiments, there occurred 
moderate variations in the excretion of water and ammonia and in 
the pH, but that in the different experiments the level of the sodium 
and potassium excretion considerably varied. This variation was 
also responsible for the asymmetric distribution of their values. In 
order to exclude the effect of variations from experiment to experi- 
ment, the excretion values were recalculated in each experiment as 
a percentage of the first value of that experiment. Such values 
express the relative variation within each experiment. They proved 
more suitable for a statistical analysis than the direct values, since 
the attempted standardization of the experimental conditions 
had not been sufficiently effective as to these electrolytes. 

The correlations between these percentage values are shown in 
Table 3. The table shows that within each experiment, there is 
a high positive correlation between the excretion of ammonia and 
potassium. There is also a significant — if less marked — positive 
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TABLE 3 
THE CORRELATION COEFFICIENTS OF AMMONIA EXCRETION AND OF DIURESIS WITH 
SODIUM AND POTASSIUM EXCRETION AND WITH EACH OTHER, ALL VALUES 
CALCULATED AS PERCENTAGES FROM THE FIRST VALUE OF EACH EXPERIMENT. 











nm = NUMBER OF SAMPLES 
- Diuresis More | Diuresis Less 
All Samples | than 10 ml/15|than 10 ml/15 
min. min. 
NH,% — — K% ...- | + 0.64 + 0.05] + 0.63 + 0.06] (+ 0.23 + 0.21) 
t 9.60 8.75 1.00 
NH,% — —Na% ....}] + 0.35 + 0.07] + 0.38 + 0.08] (+ 0.11 + 0.22) 
t 4,38 4,45 0.48 
NH,% — —MI% ....| + 0.40 + 0.07] + 0.32 + 0.08] (4+ 0.27 + 0.21) 
t 5.59 3.68 1.25 
K% ——MI% ...... + 0.69 + 0.04} + 0.61 + 0.06} + 0.44 + 0.18 
t 11.06 8,27 2.14 
Na% — — M1% ...... + 0.21 + 0.08 | + 0.21 + 0.09} (— 0.02 + 0.22) 
t 2,46 2,30 0.09 
ae wa. i “ae «=sli“(Y:s owe )=3ShsehdltlCct~—CSCS~S 
p= 0052 t 1.978 1,981 2.101 
0.01; t 2.612 2.619 2.878 
0,001; t 3.363 3.376 3.922 




















correlation between the excretion of ammonia and water, and 
between the excretion of ammonia and sodium. When the 
correlations of the water excretion are considered, it is observed that 
the highest positive correlation obtains between the excretion of 
water and potassium, the second highest between water and 
ammonia, and only a less significant positive correlation between 
water and sodium. 

The above calculations show that the excretion of ammonia 
varies to some extent with the excretion of water. However, the 
calculations do not exclude the effects of any long-term changes 
in the excretion of ammonia, which might occur within the span of 
each experiment. In fact, a study of the individual experiments 
shows that the excretion of ammonia and water during successive 
periods most often changes in the same direction, whereas the 
excretion of ‘ammonia at the beginning and at the end of an 
experiment may be of approximately the same order, in spite of a 
great difference in water excretion. Among the 140 samples, the 
excretion of ammonia and water changed in the same direction 
between two successive samples in 115 cases, and in opposite 
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directions in 20 cases. (In 5 cases, either of these values remained 
unchanged during successive periods of sampling.) 

When the excretion of ammonia and changes in the pH were 
compared in a similar way, semiquantitatively, it was observed 
that there was hardly any correlation between their short-term 
variations. The excretion of ammonia and the pH changed in a 
parallel way in 58 cases, and in opposite directions in 68 cases. 
(In 14 successive samples, either of these values remained un- 
changed.) 

In 105 cases, the excretion of ammonia and potassium moved in 
the same direction, and in 25 cases contrarily. For ammonia and 
sodium, the corresponding figures are 99 and 32. 


DISCUSSION 


The present results clearly indicate that — under the conditions 
of the experiments — the excretion of ammonia varies to some 
extent parallelly with diuresis. The interdependence of the excretion 
of water and ammonia is most marked, when short-term variations 
are considered. When the excretion during longer periods is studied, 
this correlation is no more so obvious. Other factors come into play, 
notably the well known negative correlation between the urinary 
pH and the ammonia excretion. Therefore, this short-term correla- 
tion has evidently escaped the attention of most investigators. 

Changes in the ammonia production evidently occur with 
varying speed in different animal species. In man, the maximum 
NH,-excretion is reached in about 4 days, whereas in dog, a few 
hours are sufficient for that (10). Correspondingly, one would expect 
that in man, a correlation between diuresis and ammonia production 
could be observed at considerably longer intervals of sampling 
than necessary in dogs. In fact, the present investigation was 
stimulated by a finding that diuresis and ammonia excretion — 
studied in samples of human urine collected at intervals of 8 hours, 
during ammonium chloride acidosis —- showed a tendency to 
covariation, which, however, was not statistically quite significant 
in the material (3). 

Under the conditions of the present experiments, major 
variations in water diuresis are known to be due to a varying degree 
of tubular reabsorption of the glomerular filtrate. Accordingly, 
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tubular processes obviously are also responsible for variations in the 
excretion of electrolytes. For sodium and potassium, the following 
tubular processes must be considered in this connection: 

a) Active tubular reabsorption of ions with the reabsorption of 
water; 

b) Active tubular reabsorption of ions independently of the 
reabsorption of water; 

c) Passive diffusion cf ions along the gradient from the tubular 
fluid to the extratubular space — and to blood. 

When ammonia is concerned, a fourth tubular process must be 
added: 

d) Tubular excretion (production) of ammonia. 

Which of these processes is responsible for the covariation 
of the excretions of water and ammonia? It could well be thought 
that water diuresis would directly affect the site of the ammonia 
production. If variations in the reabsorption of water occur in 
the nephron at the site of ammonia production or proximally from 
it, the time of the contact of the tubular fluid with the ammonia- 
producing cells would depend on diuresis. The less the diuresis, the 
longer the contact of the urine with the cells. Assuming, further, 
that there is a dynamic chemical equilibrium between the producing 
cells and the tubular fluid, a positive correlation between diuresis 
and ammonia excretion would be expected. With a rapid urine flow, 
ammonia would be carried rapidly away, and thus the equilibrium 
would be constantly disturbed in favour of ammonia production. 

However, this explanation is made less probable by the markedly 
high positive correlation between the excretion of ammonia and 
potassium. For potassium, there is no reason to assume such a 
mechanism of excretion; therefore, the assumption of an equi- 
librium between the ammonia-producing cells and the tubular 
fluid also seems less likely. 

On similar grounds as above, an argument for the passive 
diffusion of ammonia from nephron to blood could be supported. 
But again an objection can be made. The excretion of potassium 
shows a positive correlation with diuresis, independently, whether 
its concentration is above or below the concentration in plasma. 
Therefore, diffusion can not be the main factor in effecting the 
variations of the excretion of potassium. In an analogy, the same 
can be reasonably assumed to be valid for ammonia. 
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The first two possibilities remain: the active reabsorption either 


with water or independently of it. On the basis of the present results 
it can not be judged which of these processes actually occurs. 
On general grounds, the reabsorption with water perhaps is the 
most probable alternative. 

The very similar behaviour of potassium and ammonia in the 
tubuli of the kidney is probably a consequence of the general 
chemical and physical similarity of these two ions. Their effective 
ionic radii are very close to each other — Kt 1.33 A, and NH,* 
1.42 A — whereas e.g. the radius of Nat is 0.95 A (5). The potas- 
sium and ammonium ions are also known to have almost identical 
hydration energies: 95 and 97 k-cal. per mole (1). 

At low levels of water excretion, the excretion of all the electro- 
lytes examined is hardly at all correlated with diuresis. This may 
depend to some extent on the disturbing effect of the dead space: 
the fluid contained in the urinary tract and in the catheter effects 
a certain lag in the excretion, which is most clearly manifest at low 
diuresis levels. However, in addition to this general lack of corre- 
lation, the excretion of sodium often increased, when the diuresis 
subsided. This increase is probably due to the release of the anti- 
diuretic hormone of the posterior pituitary, and has no direct 
relation to the excretion of water. 

When the correlation between diuresis and the sodium excretion 
is considered, another special feature has to be marked: the changes 
of sodium are proportionately in excess of those of water and of 
potassium. This finding is not new; it has been made as early as in 
the last century (6). 

Among the present results, there are no findings supporting the 
hypothesis of an interdependence between the excretion of ammonia 
and sodium (11). In fact, the correlation between ammonia and 
sodium excretion is rather low. Superficially, it might be claimed 
that at low levels of diuresis, both often show a relative increase, 
but the lack of any correlation refutes the significance of such a 
suggestion. . 
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SUMMARY 


1. Altogether 140 samples of dog urine were taken at intervals. 
of 15 min. in the course of water diuresis; diuresis, pH, and the 
NH, K, and Na excretion were determined. The results were 


_statistically analysed. 


2. The excretion of ammonia occurred to some extent parallelly 
with diuresis (correlation coefficient + 0.32), and it was in an 
inverse relation to the pH (corr. coeff. — 0.46). 

3. The parallelism between diuresis and ammonia excretion was 
most marked, when short-term changes were considered. 

4, There was a high positive correlation between the excretion 
of ammonia and that of potassium: + 0.64. 

5. The results were interpreted as suggesting a tubular re- 
absorption of ammonia — similar to that of potassium — probably 
with the reabsorption of water.! 
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It has been found that the sera of persons with rheumatoid 
arthritis are capable of agglutinating hemolytic streptococci in 
high titres. This phenomenon was formerly considered to be entirely 
specific, a true antigen-antibody reaction, as the Widal test is 
in typhoid fever, and it was held to be evidence supporting the 
theory that infection by streptococcus haemolyticus is the etiological 
factor in rheumatoid arthritis. Several reports describing recent 
investigations, however, advance the opinion that the streptococcal 
agglutination reaction in rheumatoid arthritis may be ascribed to 
some non-specific changes in the patient’s serum. Wallis (7) attri- 
butes it to a non-specific factor in these sera by which the action 
of the weak streptococcal agglutinins which already normally are 
present in the human serum is intensified without increasing the 
amount of streptococcal agglutinins in rheumatoid arthritis sera. 

The sera of patients with rheumatoid arthritis have also been 
found to possess hemagglutinating properties of a special nature (2). 
Most human sera agglutinate the red cells of sheep to some degree, 
but the highest serum dilution at which agglutination occurs does 
not usually exceed 1: 64. If a suspension of sheep red cells to which 
a small amount of homologous amboceptor has been added is used 


1 Preliminary report of a study on agglutination conditions in rheumatoid 
arthritis. 
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as the antigen, all human sera generally agglutinate such sensitised 
red cells somewhat more strongly than non-sensitised red cells. 
With rheumatoid arthritis sera the differential agglutination titre 
between the sensitised and the non-sensitised red cells (the Rose 
test) is in most cases more than 16-fold, but with other sera less. 
If, for instance the highest agglutinating serum dilution for sensi- 
tised red cells is 1: 2048 and for non-sensitised cells 1: 32, the Rose 
test value is ae = 64. It has been held that also this phenomenon 
supports the opinion that rheumatoid arthritis sera contain a non- 
specific factor which activates the agglutination between red cells 
and the amboceptor used for their sensitisation and is called the 
agglutination activating factor (4, 5). The Rose test would accord- 
ingly demonstrate this factor, for the greater the amount of the 
agglutination activating factor, the higher the Rose test value. 
A similar phenomenon is seen with guinea pig, chicken or human 
red cells sensitised by their respective homologous amboceptor (6). 
The serum of « paticnt with rheumatoid arthritis is also capable of 
agglutinating, his own sensitised red cells in high titres (5). 

The object of the investigation described below was to study 
the réle possibly played by the assumed agglutination activating 
factor in the agglutination of hemolytic streptococci by the sera 
of patients with rheumatoid arthritis. The following working hypo- 
thesis was assumed: If the serum under test is absorbed with hemo- 
lytic streptococci the true streptococcal agglutinins are removed. 
The agglutination activating factor will remain in the rheumatoid 
arthritis serum but in the absence of streptococcal agglutinins it 
does not produce agglutination. Prior to the performance of a 
fresh agglutination test with the absorbed serum the streptococci 
are sensitised by adding to the streptococcal antigen a small amount 
of known streptococcal immune serum. Agglutination of the strepto- 
cocci can now be expected to occur if an agglutination activating 
factor is present in the absorbed serum. 


EXPERIMENTS 
Ten sera were selected for the tests (Table 1). The streptococcal 
agglutination titre and the Rose test value were determined for 
each serum, employing the general principle of Rose’s technique (2) 
for the latter and Thulin’s technique (3) for the streptococcal 


11 — Ann. Med. Exper. Fenn. Vol. 28. Fasc. 2. 
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agglutination and the absorption tests. The streptococcal antigen 
was streptococcus haemolyticus strain S.F. 130 employed by 
Kalbak (1) in routine determinations of streptococcal agglutinins. 
The immune serum was prepared by immunising rabbit No. 52 
with the same streptococcal strain. 

In table 1 the sera are divided into the following five groups: 


I. Clinically typical cases of rheumatoid arthritis; 
II. A clinically uncertain borderline case between rheumatic 
fever and rheumatoid arthritis; 
III. Cases with a possible etiology of streptococcal infection; 
IV. Normal control from a healthy person; 
V. Serum from a rabbit immunised with streptococci. 











TABLE 1 
DIAGNOSES, STREPTOCOCCAL AGGLUTINATION TITRES AND ROSE TEST VALUES OF 
10 SERA 
we : : Streptoc. Rose 
Group| Serum Clinical Diagnosis Aggl. Titre Test 
O.S. Rheumatoid arthritis 1: 320 2048 
S.M. —»— 1: 640 1024 
Ty] aR. ae 1: 320 512 
E.P —»— 1: 320 64 


Rheumatic fever? 
Rheumatoid arthritis? 


O.R. Abscessus peritonsillaris +1: 80+1: 160 8 
BS. Nephritis acuta +1: 80+1: 160 4 
Tonsillitis chronica 
III A.S. Carditis? Insuff. cordis 
Fibrillatio atriorum 1: 640 4 
Bronchitis 
IV O.W Healthy 1: 20 2 


Rabbit | Immunised with  strepto- 
No. 52 | coccus haemolyticus strain 
S.F. 130 1: 2560 1 























Main Test. — The sera under test, with the exception of that 
of the healthy person (O.W.), were absorbed with streptococci. 
The following tests were then carried out simultaneously with 
absorbed and non-absorbed. sera: 
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a) Determination of the agglutination titre of the serum for 
non-sensitised streptococci (Table 2, points 1 and 5); 

b) Determination of the agglutination titre of the serum for 
sensitised streptococci (Table 2, points 2, 3, 4, 6, 7, 8 and 9). 


RESULTS 


The test results listed in table 2 show that the agglutination of 
the streptococci by non-absorbed sera apparently does not depend 
on whether the streptococci are sensitised or not (Table 2, points 
1—4). This is not the case, however, with sera which had been 
absorbed with streptococci, for not a single one of these sera 
agglutinated non-sensitised streptococci in the lowest serum dilution 
employed, i.e. 1: 20 (Table 2, point 5). On the other hand, sensitised 
streptococci were agglutinated by the sera in groups I and II, and 
the agglutination titre was the higher, the greater the dose of 
immune serum used for sensitisation of the streptococci (Table 2, 
points 6, 7, 8 and 9). The absorbed sera in groups III and V did 
not agglutinate sensitised streptococci (Table 2, points 6, 7, 8 
and 9). It also deserves note that all the sera which agglutinated 
sensitised streptococci after absorption had a high Rose test value, 
and those that did not had a low value. 


DISCUSSION 

It has been demonstrated in these tests that rheumatoid arthritis 
sera absorbed with streptococci agglutinate sensitised streptococci 
and that the agglutination titre is directly proportional to the 
dosage of immune serum used for sensitisation. This phenomenon 
cannot be ascribed to streptococcal agglutinins which possibly 
may remain in the serum after absorption nor to the agglutinins in 
the immune serum used for sensitisation of the antigen. Even 
together these are too weak to produce agglutination. This possi- 
bility is also convincingly counterargued by the fact that no aggluti- 
nation of sensitised streptococci was produced by the absorbed 
streptococca! immune serum nor by the absorbed sera in group III. 
The most probable explanation is the presence in rheumatoid 
arthritis sera of an agglutination activating factor which activates 
the specific agglutination between streptococci and the immune 
serum used for sensitisation of the streptococci. It is apparent 
that this factor is identical with that which in the Rose test activates 
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the specific agglutination between sheep red cells and the homolog- 
ous amboseptor. This explanation is borne out also by the correla- 
tion which in the tests now made can be noted between the Rose 
test values on the one hand, and the agglutination of sensitised 
streptococci on the other hand. 


CONCLUSIONS 


1. The agglutination of hemolytic streptococci by sera from 
patients with rheumatoid arthritis apparently is not due to a 
supposedly greater amount of specific streptococcal agglutinins 
in these sera in comparison with other sera. 

2. The agglutination of streptococci by rheumatoid arthritis 
sera cannot be held to be evidence in support of the theory that 
a streptococcus haemolyticus infection is the etiological factor in 
rheumatoid arthritis. 

SUMMARY 


It was the object of this work to study the réle possibly played 
by a so-called agglutination activating factor in the agglutination 
of streptococci by sera from patients with rheumatoid arthritis. 
Tests involving the examination of ten different sera showed that 
rheumatoid arthritis sera absorbed with streptococci agglutinated 
sensitised streptococci. It is regarded as probable that this is 
produced by an agglutination activating factor present in rheuma- 
toid arthritis sera. It is therefore the author’s opinion that rheuma- 
toid arthritis sera do not contain more specific streptococcal 
agglutinins than do other sera, and that the agglutination of hemo- 
lytic streptococci by rheumatoid arthritis sera does not constitute 
evidence in support of the theory of the streptococcal etiology of 
rheumatoid arthritis. 
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A saline extract prepared from seeds of Cytisus sessilifolius 
agglutinates chiefly O and A, red cells (14). It was found that this 
seed extract can be used for the differentiation of A red cells into 
subgroups A, and A, (7). Experiments made with a purified product 
of this seed extract will here be described. 


PURIFICATION OF THE SEED EXTRACT OF CYTISUS SESSILIFOLIUS (15) 


The seeds were ground to a fine powder in a mortar. The powder 
was extracted with saline in the weight proportion of 1 : 10, incu- 
bated for 2 hours at 37° C and centrifugated at approx. 3 000 
r.p.m. The supernatant was then used as cytisus extract, to which 
one-fourth by volume of 94 per cent alcohol was added and the 
extract held for 24 hours at room temperature. It was then centri- 
fugated, the precipitate removed, and one-half by volume of acetone 
was added to the supernatant. After standing for half an hour it 
was centrifugated and the precipitate collected. The precipitate 
was diluted in the original volume of saline, one-half volume of 
chloroform was added, and the substance was shaken for one hour 
in a shaker and centrifugated. Three layers formed and the top one 
was collected, precipitated with a double volume of acetone, and 
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TABLE 1 
Dilution of Crude Dilution of Purified Cytisus 
Cytisus Extract Extract 
Red Cell =) 
So So fo) Oo 
© ° 
Group lelelelelsigigigisiZis is lzig isis 
- N =~ ioe) banal or) © = ioe) San S oO i. aA ve S 
Re ioasoees at ah ep a] ep el ee te] =] —]| —]| —| =| —) — 
jE EE 37/3/;3/2;1] —| -[13/,3/3/3,/2]1]tr] -—| — 
O Bisekaue Sioa) 3d | a fpr pss 1 SSS] 2 ft try — 
IS* Giedescenctens —} -—| -—}| -—] -—|] -—| —}27)2)1)1 tr] -—| -—| -| - 
OP ones ee ee ee ee ee ee en ee ee ee eee eee ee eee eee 
Strength of Agglutination: — No Agglutination 


tr indefinate or extreamely weak aggl. 
1 weak agglutination 
2 definit agglutination 
3 strong agglutination 


The reaction was made in small (10 x 75 mm) test tubes. Amount of 
reagents: extract dilution 0.1 ml and 1% blood cell suspension 0.1 ml. The 
results were read by the naked eye after the test tubes had been kept at room 
temperature (20 C) for 60 minutes. 


left standing at room temperature for half an hour, after which it 
was centrifugated and the precipitate obtained was solved in one- 
fifth of the original volume of saline. It was re-shaken with chloro- 
form, centrifugated and precipitated with acetone, after which it 
was centrifugated and the precipitate solved in one-tenth of the 
original volume of saline. It was shaken once more with chloroform 
as above, precipitated with acetone, centrifugated, and the preci- 
pitate solved in distilled water. It was then again precipitated with 
acetone and the precipitate obtained was washed with ether and 
dried quickly in an exsiccator. 

Out of 20 grams of seed powder 44 mg of water-soluble fine 
white powder was obtained. The opalescent fluid, of which a small 
insoluble part was extracted by centrifugation at 3,000 r.p.m., 
was used for the agglutination tests. The dried powder stored in 
the refrigator at + 4° C was found to have maintained its titre 
for agglutinating O red cells stable even after three months. 

The agglutination experiments set out in table 1 were carried 
out with the original crude cytisus extract and with the purified 
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extract. The concentration of the extracts is stated as the ratio 
between the weight of the powder and the volume of the saline used 
for dilutions. 

As will be seen from table 1, the titre of the cytisus extract for 
O and A, red cells was increased approx. 100-fold by means of the 
described purification. No agglutination was produced in A,B 
cells by the dilution used. The A, cells showed indefinite agglutina- 
tion (tr) in the first two tubes, whereas with the B cells the titre 
of the purified cytisus extract was considerably higher than that 
of the crude extract. In earlier titration tests with B red cells 
using crude cytisus extract no reaction had been observed (20 blood 
samples tested). 

The amount of purified cytisus powder obtainable was, however, 
so small that it was impossible to test enough B red cells to prove 
statistically whether there are such differences in the agglutination 
titre of the red cells of different B persons as would be assumed, if 
a strong reaction of the B blood is caused by heterozygous B (BO) 
blood. The following experiment was therefore made: 


REACTIONS OF PURIFIED CYTISUS EXTRACT WITH GENOTYPICALLY 
KNOWN BLOOD CELLS 


Such married persons as belonged to the AB group were collected 
from the local blood donor service, and the blood groups of the 
couples were determined. From these the AB x AB and the 
AB x O couples were chosen whose children’s genotypes are 
known according to Bernstein and Thomsen et al. (1, 17). There 
was naturally the possibility of illegimate cases, but all the children 
in these families were examined and they fitted all in with the above 
mentioned theories. Agglutinationslide-tests were made using an 
anti-O cattle serum absorbed with A,B blood cells, in the dilution 
1: 2. Blood cells Nos 1), 2), 8) and 12) gave strong reactions, whereas 
the other tests were completely negative with this serum. The 
blood samples were titrated with the purified cytisus extract and 
the results are shown in table 2. 

As is seen from table 2, the purified cytisus extract agglutinated 
O and A, cells very strongly, with results comparable to those 
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TABLE 2 

Red Cell Group Dilution of Purified Cytisus Extract 

2 | olele 

! = | Selo\loelolo ls 

a £2 > lole, ; siSslSi/Slolola 
a) Code o & i S PSIJSIeIaAaAlIstzIan] oles 
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Qy o ee ee ee oe ee oe oe ee 

Oo sie fle ie fe ie Pas ie iW 
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3 CRS)! os ausiees A,B | A,B} 1 | tr} tr{tr; —| —| -—; -] -— 
4 CEES) “Sarasa B BB |1/1)]tr}| —]| —} —}] -] -] -— 
5 (K.H:maa) Ay A,O | —| -—| -—| -—| -—]} -| -| -| - 
6 (Liisa K:ja) ....| A,B | A,B} 1}]1)]1/]1 /tr] —] —]| -] -— 
7 (Liisa K:nen) ..} A, | A;Ag} 1] 1)1)]tr} —| —} —| -] —- 
8 ‘is 5 <2) ee B BO ;2/2;2;/2/1)]1]tr] -—}] — 
9 (5 0) 9) eae ee Ay A,O |} 1;,1]tr;tr} —; -—}; -—| -]| - 
10 CISOPI) ons A,B | A,B} 1 | 1 [tr] tr] —| —}| -—} -] —- 
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Technique and number system for strength of agglutination as in Table 1 


shown in table 1. The purified cytisus extract agglutinated BO red 
cells fairly strongly, thus differing from the agglutination reaction of 
BB red cells with regard to both strength of reaction and titre. 
The agglutination of A,O, A,B, A,B and BB blood cells were weaker 
than those mentioned above. One of the two A,O blood samples 
was even completely negative in the lowest dilution used. The 
limited material does not give the right to draw more far-reaching 
conclusions. 


AGGLUTINATION INHIBITION TESTS WITH PURIFIED CYTISUS 
EXTRACT AND WITH SECRETOR AND NON-SECRETOR SALIVA 


The secretor or non-secretor qualities of the persons used in this 
test were determined earlier several times and on every occasion 
they appeared to be the same and the inhibition titres remained 
on approximately the same level. Previously reported (13, 18, 20) 
observations were taken into account in the technique: The saliva 
was collected into a centrifuge tube, avoiding nasal mucus and 
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TABLE 3 
Cattle Serum Purified Cytisus Extract 
Saliva : . 

Saliva Dilution Saliva Dilution 

7m 5 ca slol/Sle olol/Slez 

ro o 38 > = CS;roloinrixz it stziIocoiscloik&izizt{s] se 

7, 2° = Slama [RMl/AIN[aola 5 A l[AILAIN | OIN S 

no $5 |- oe es ee ee we foe dee 1S 

ND be Sal ba bo = ba = baal ba bo = bo = seed 

1 O S —jtr/tr}1];,2;2]27—| —]| -—| -—|2]2] 2 
2 O S —|.—| —j) —| 1] 2 —| —| tr} 1] 2] 2 
3 O s SA S412 727242 2412), 215 21212 
4 O S —| —jtr;}1]2] 2 —| —| —|1]2)] 2 
5 O S —| —|tr}1]2 {2 —| —| —|tr} 1] 2 
6 O S —| —|tr}1]1] 2 —} —| -—|1)1] 2 
4 O S —}| —|tr|}1]2/] 2 —| —|1]/2]2)] 2 
8 O S 2242421212 21272, 2) 242 
9 B S —; —;1/2);2,; 2 —| —/112,;2 42 
10 A,B S —(ar tr] 2 12 1 2 —|—-|1,;,2],2]2 
11 A, S —| —|tr}1]2)]2/7° —|—-|}1/2]2]2 
12 A, S Bie he 4 2 42 12 21212 ),27 242 

S = secretor 


non-secretor 


I ll 


Strength of agglutination as in Table 1. 


sputum. Reddish saliva were discarded. Immediately after collec- 
tion, the saliva was boiled in a water bath for 10 minutes and 
centrifugated at once at 3,500 r.p.m. The bluish opalescent super- 
natant was drawn with a pipette into a steril test tube and stored 
in the refrigator. Changing the pipette, the saliva was diluted with 
saline. Dilutions stronger than 1: 10 were not used in order to eli- 
minate non-specific inhibition. The strength of the agglutinating 
serum (or extract) used in all tests was 8 times the agglutinating 
dose. By means of a pipette 0.1 mi of saliva dilution and 0.1 ml 
of agglutinating serum (resp. extract) were drawn into a small 
(10 x 75 mm) test tube, stirred, and allowed 60 minutes to incu- 
bate, after which 0.2 ml of 1% 0 red cell suspension was added. 
The reaction was read by the naked eye 90 minutes after addition 
of the blood cell suspension. The results are shown in table 3. 

As seen in table 3, O-secretor saliva inhibited the agglutinating 
action of purified cytisus extract on 0 red cells. However, the inhi- 
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bition titres were low. In series of tests made with cattle serum the 
lowest titre was 1: 10 and the highest 1: 270; correspondingly with 
cytisus extracts 1:30 and 1:270. The saliva of three secretors 
tested in groups B, A,B and A, also inhibited the agglutinating 
action of cattle serum and cytisus extract on O-cells. Also in these 
cases the inhibition titres were low, although they were much higher 
when the same cases were tested with human serum (using always 
the same 8 — fold agglutinating dose): in case No. 9 (blood group B) 
= 1:2048, case No. 10 (A,B) = 1: 80 and case No. 11 (A,) = 
1: 1024. With cattle serum the inhibition titres in the corres- 
ponding cases were 1: 30, 1: 10, and 1 : 30 and with cytisus extract 
1: 30 in all the cases. Thus the observation made, corresponded to 
that reported earlier (20). The O and A, non-secretor salivas tested 
did not inhibit the agglutinative action of cattle serum or cytisus 
extract on O red cells. 


DISCUS SION 


The Bernstein theory of isoagglutination blood groups and their 
heredity, which presupposes the presence of the O gene, has 
prompted investigators to search for the anti-O agglutinins. These 
have been found in rare cases in human sera belonging to the A, 
and A,B groups (5, 8, 9). They have also been produced by iso- 
immunisation, i.e. immunisation of A,B persons with O cells (19). 
Anti-O agglutinins have also been frequently found in normal 
cattle serum (16). In fact, cattle serum from which the A and B 
agglutinins have been eliminated by absorption with A,B cells, 
is the most widely used anti-O agglutinin because of its easy 
availability. Powerful anti-O sera have been obtained by immuni- 
sation of goats with strains of Shigella dysenteriae (3). Sera con- 
taining anti-O agglutinins have also been produced by immunisation 
of rabbits with a purified preparation of O-substance isolated from 
the pseudomucinous ovarian cyst fluid obtained from a person 
belonging to group O (10). Serum from the eel (Anguilla anguilla) 
has also been found to contain anti-O agglutinins (6). Numerous 
other animal and human sera containing anti O agglutinins have 
been obtained either naturally or by immunisation (4), but those 
mentioned above are the most important. As far as is known to me, 
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reagents of vegetable origin containing anti-O agglutinins had not 
been found before Renkonen (14) discovered them in the seeds of 
the Cytisus sessilifolius. 

It has been claimed with regard to the above mentioned so- 
called anti-O sera that, with the exception of the anti-O agglutinins 
found in some human sera, they are not true anti-O sera, in other 
words do not extract O genes in red cells but a heterogenetic 
antigen of the Forsman antigen type, a so-called H-substance, and 
that they should therefore be called anti-H agglutinins (2, 11, 12). 
This H-substance would be common also for blood cells other than 
the O cells. Anti-O and anti-H agglutinins would thus have the 
common property that they agglutinate predominantly O and 
A, red cells. The agglutinating action of the anti-H agglutinins on 
O cells is inhibited by the H substance, which is found e.g. in the 
saliva of O secretors (and also of secretors of other blood groups) 
and in the pig’s gastric mucin, whereas the H substance does not 
inhibit the agglutinating action of the true anti-O agglutinin on 
O cells (11). 

In the tests described above the agglutinating action of the puri- 
fied cytisus extract has been studied, and it can be stated that this 
extract agglutinated predominantly O and A, red cells. The agglu- 
tinating action of the cytisus extract on 0 cells was inhibited by the 
saliva of the O secretors (and probably also of secretors belonging 
to other blood groups). It would therefore seem that the haemagg- 
lutinin present in cytisus extract probably is an anti-H agglutinin. 
Because of the limited test material used this can not be definately 
claimed, but in any case the characteristics which indicate the 
anti-H action of the cytisus extract are interesting enough to justify 
continued studies. 


SUMMARY 


1) By purification of the saline extract of seeds of Cytisus 
sessilifolius according to the procedure described, a reagent was 
obtained, which had an agglutinating power on O cells rising to 
about 100 times that of the original. At the same time the agglutina- 
tion titre of the reagent for B cells and to some extent also the 
agglutination titre for other red cells was increased. The reaction 
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of genotype BO blood was stronger than that of genotype BB which 
latter was as weak as the reactions of A,A,, A,O, A,B and A,B 
red cells. 

2) The agglutinating action of the cytisus extract in question 
on O-cells was inhibited by secretor saliva (and possibly also by 
secretor saliva of other groups). The agglutination was not inhibited 
by non-secretor saliva belonging to the O and A, groups. 

3) The hemagglutinins present in seeds of Cytisus sessilifolius 
are probably so-called anti-H agglutinins. 
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TETANUS FOLLOWING VACCINATION AGAINST 
VARIOLA? 


By 
TAPIO SAVOLAINEN 


(Received for publication March 15, 1950) 


Vaccination against smallpox has become compulsory in many 
countries, among them Finland, where every child must be vacci- 
nated during his second year. 

Complications from vaccination are relatively scarce. Among 
them are enlisted: strong reactions to vaccination, encephalitis 
and, very seldom, tetanus. However, reports on at least 127 cases 
of post-vaccinal tetanus can be found in the Anglo-American 
literature alone (3 and 8). Several investigations on this complica- 
tion have also been published in Europe (i.a. 1, 4 and 10). 

Since, however, not a single case of this nature has been re- 
ported in Finland, and since the bacteriological verification is 
quoted in relatively few foreign publications (i.a. 1, 4 and 10), 
a report of our case seems justified. 


A.T. a one-year 10 month old son of a glazer in Helsinki was inoculated 
against smallpox in his upper left arm on May 14, 1949, his general con- 
dition having been good before. A few days later a strong reaction appeared 
on the site of vaccination, accompanied by high temperature, which 
gradually decreased. Later pustules appeared also elsewhere on the skin, 
although the parents denied that the patient had scratched the site of 
vaccination, which first was covered by a piece of bandage fastened by 


1 In this connection I wish to thank the Chief Physician of the Hospital 
of Contagious Diseases in Helsinki, Professor V. Rantasalo, who has kindly 
given me access to the hospital record of the patient. 
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adhesive plaster and later by a proper bandage. The patient also had 
diarrhea and was taken to the Hospital of Contagious Diseases in Helsinki 
on May 30, 1949. The general condition of the patient was good, although 
he was pale and tired; his weight was 13 kilograms and length 83 centi- 
meters. On the upper left arm was an area of 4 x 4 cm covered with 
purulent crust and surrounded by small pustules, either isolated or con- 
fluent. Purulent matter oozed forth from the whole area. On his right 
thumb was a pustule of 8 x 8 mm in addition to other pustules elsewhere: 
one on the back surface of the left leg, one on the lower left eyelid and 
one at the root of the nose. There were a few small reddish spots on the 
skin on the front head, the leg and the scalp. The patient had a temperature 
of 37.4°C. Gram staining of the smear taken from the skin yielded the 
following results: Gram negative rods, Gram positive staphylococci. 
On June 3, 1949 the temperature of the patient was normal but he suffered 
from trismus and later in the day had several attacks of convulsion, during 
which complete opisthotonos developed. On account of the clinical sym- 
ptoms of tetanus the patient was given tetanus antitoxin and sedatives 
but the symptoms continued. Death occurred at 19.30 on June 3, 1949. 
Full and clear consciousness prevailed until the end and no rise in body 
temperature was observed. 

In the lumbar puncture performed on June 3, 1949 the cerebrospinal 
fluid was clear, 0.3 cells per cu.mm, Pandy—, Nonne —, Bacteria —. 
During the whole period of hospitalization penicillin was administered. 

The clinical diagnosis was: Vaccinia. Tetanus. Post-mortem diagnosis 
was: Reactio vaccinationis brachii sin. Vaccinia cutis capitis et palpebrae 
inf. oculi sin. et cutis parietis anterioris thoracis 1. sin. Oedema cerebri 
(Encephalitis?). Hypostatis pulmonum. Fibrosis endo- et pericardii. 
Hyperaemia hepatis et renum. Hyperplasia lienis et lymphonodorum 
mesenterialium. 


Bacteriological Investigation. — From the site of vaccination 
where the necrosis was observed to extend to a depth of 144 cm 
a sample of tissue was taken for bacteriological investigation from 
the border between healthy and necrotic tissue. The remaining 
amount in the vial with vaccine used for the vaccination not only 
of this child but of 250 other children, but without any other 
cases of complications, was also taken for bacteriological investiga- 
tion. 

Under sterile conditions a piece of tissue the size of a pea was 
suspended into 2 cc of physiological saline solution. The coarse 
particles were filtered from the suspension and 0.1 cc of the obtained 
suspension was administered by intraperitoneal injection on to two 
white mice, in addition to which the other was given 0.2 cc or 
200 units of tetanus antitoxin (Statens Seruminstitut, Copenhagen). 
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The test mouse died in less than 20 hours, the control animal was 
still spry and free from symptoms after 30 days. 

Both aerobic and anaerobic cultures were performed of the 
pulverized tissue piece, the latter according to Zeissler’s (13) 
method. In stainings of the abundant growth of bacteria in these 
cultures Gram-positive Staphylococci were observed, which hemo- 
lyzed on blood agar and were definitely of a Staphylococcus aureus 
type, as well as thin Gram-positive rod bacteria which rather 
slowly formed terminal round spores, fully corresponded morpho- 
logically to tetanus bacilli, were later found to be obligatory anae- 
robes and could easily be isolated. Animal tests with two pairs of 
mice using one day old liver broth culture of the pure strain were 
carried out in the following manner: 0.1 ccm of a dilution of the 
above-mentioned culture (one normal loopful of culture in 0.5 cc 
physiological saline solution) was administered to one pair, in 
addition to which one mouse in the pair received 0.2 cc of tetanus 
antitoxin. The test mouse died, having had convulsions, after 
2 days 19 hours. The control mouse remained spry 30 days. 

The second pair received 0.1 cc each of the same culture, but 
more diluted (one normal loopful in 2.0 cc of physiological saline 
solution), and the control mouse in addition 0.2 cc of tetanus 
antitoxin. The test mouse died after 3 days 19 hours, the control 
mouse remained spry 30 days. 

The whole amount of the remainder of the vaccine used was 
investigated in several small portions, without any tetanus bacilli 
being discovered. On the other hand, however, growths occurred 
in every culture of Gram-positive Staphylococci of a Staphylococcus 
albus type which did not hemolyze on blood agar. 


DISCUSSION 


It has been possible to demonstrate by bacteriological investiga- 
tion of a piece of tissue from the site of vaccination, where the 
tetanus infection obviously commenced, a strain of tetanus bacilli 
pathogenic to mice and Staphylococcus aureus, known to enhance 
the pathogenetic effect of tetanus bacilli (9). It is not possible, 
however, on the basis of the investigations performed to state the 
source of the infection: Was it the vaccine or was the infection 
secondary, or post-vaccinal? 
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The probability of presence of tetanus bacilli or their spores 
in the vaccine can indeed not be excluded. 

In the first place, tetanus bacilli are common in the soil and 
in the intestines of domestic animals (12) and obviously (at least 
temporarily) on skins fouled by their excrements. Secondly, it 
is impossible to render human skin anywhere near free from bac- 
teria by mechanical cleaning (11). Considering the method of 
preparing vaccine, the presence of tetanus bacilli in it is possible, 
wherefore it is nowadays endeavoured to eliminate this possibility 
by careful control investigations. 

In the literature the author has found only one report of tetanus 
bacilli having been discovered in smallpox vaccine. Wilson reports 
(Lancet 1902:2:735) that he had discovered tetanus bacilli in large 
numbers in a vaccine virus made about the time of the epidemic 
of 1901; this strain had been pathogenic to small laboratory animals. 
On the other hand there are several negative investigations. Thus 
Anderson (2) investigated a quantity of vaccine which would 
have sufficed to vaccinate 2,000,000 people without discovering 
tetanus bacilli. Also Armstrong (3) refers to negative vaccine 
investigations. 

Although post-vaccinal tetanus is a very rare complication a 
great number of investigations concerning it have been published. 
Not counting the relatively numerous investigations concerning 
individual cases, in which it has not been possible to demonstrate 
the infection mechanism (i.a. 4, 5, 6 and 10), the examination of 
certain more extensive series (3 and 8) indicates plainly a secondary, 
or post-vaccinal infection. Thus Armstrong (3) whose series com- 
prised 98 cases and McFarland (8) who had 95 cases, found the 
average incubation time of tetanus following upon smallpox 
vaccination to be 18—24 days, but the death rate to be 75—80 
per cent. In investigations of traumatic tetanus it has been possible 
to observe that the death rate decreased as the incubation time 
increased (7). As compared with traumatic tetanus the above- 
mentioned high death rate presupposes an incubation time half as 
long, i.e., the infection must have been post-vaccinal. In the case 
presented here the incubation time was 20 days, that is, the same 
as the above-mentioned average time, in view of which the infection 
obviously also in this case was post-vaccinal. The probability of 
secondary infection is further supported by the fact that no tetanus 


12 — Ann. Med. Exper. Fenn. Vol. 28. Fase. 2. 
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bacilli were found in the remainder of the vaccine as well as the 
circumstance that 250 other children had been vaccinated with 
the same vaccine without a single case of tetanus. 

It deserves to be noted that both Armstrong and McFarland 
were able to demonstrate that post-vaccinal tetanus occurred 
almost exclusively in patients whose inoculation wounds had been 
covered with bandages or plasters of various kinds, as in the case 
reviewed above, whereas tetanus had not occurred in openly treated 
wounds. The technical performance of the vaccination did not 
seem to have any effect on the incidence of tetanus. 

Armstrong also proved his observations with animal tests by 
vaccinating a series of test animals and infecting the sites of vaccina- 
tion with tetanus spores. After this half of the series was treated 
openly, the inoculation wounds of the other half were covered. 
It was observed that the latter animals contracted tetanus, whereas 
the openly treated animals did not. 

The literature mentions certain figures on the danger of post- 
vaccinal tetanus. Thus, 585,000 persons were vaccinated in the 
U.S. Navy during the period 1904—1913 without a single case 
of tetanus. Lancet (1902:1:607) mentions the risk as 1: 5,000,000. 
Obviously this danger can be reduced by treating the wounds 
openly (3 and 8). The European fashion of vaccinating children 
as young is more advantageous than the American system of 
vaccinating at an age of 6—7 years (3), because with it the danger 
of secondary infection, greater for boys than girls, diminishes. 

The author is informed of very few cases in our country of 
serious post-vaccinal complications, mainly encephalitis, many 
of which have been obvious cases. As no bacteriological investiga- 
tions have been performed the possibility of some case of tetanus 
among them cannot be excluded. 


SUMMARY 


1) The writer presents a case of tetanus in a two year old 
boy following upon smallpox vaccination with an incubation time 
of 20 days, and which ended fatally in less than 24 hours after 
the first symptoms of the disease. 

2) The origin of the disease was obviously the site of vaccina- 
tion. From a piece of tissue excised from it was isolated a strain 
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of tetanus bacilli pathogenic to mice as well as a strain of Staphylo- 
coccus aureus known to enhance the pathogenetic effect of the 


tetanus bacillus. 

3) From the remainder of the vaccine Staphylococcus albus 
was found but no tetanus bacilli. 

4) A post-vaccinal secondary infection is probably in question 
here. 

5) The adhesive plaster bandages and the other bandages used 
on the site of vaccination may have promoted the contraction of 


tetanus. 
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The cases of postoperative tetanus in Finland after World War 
II in which catgut was the source of infection (19) necessitated a 
change from occasional investigations on sterility to systematic 
sterility control outside the factories of catgut manufactured in or 
imported to Finland. Such a control system has earlier been made 
compulsory in several countries, e. g., the United States, England 
and Germany (5). In these countries 1 % per cent of the length of 
the catgut is investigated, in Finland at least 1 per cent. 

A feature common to the catgut packages of different factories 
seems to be the word »sterile» appearing in one way or another on 
the carton. The literature concerning investigations on sterility 
outside the factories does not seem to be very extensive. There- 
are, however, a number of scientific investigations which have reve- 
aled a lack of sterility in the catgut, in most cases quite consider- 
able. Thus, in an investigation on the catgut of eight English and 
American factories bacteria were found in 77 per cent and none of 
these products were sterile in all the tests (2). In another parti- 
cularly extensive series of investigations, comprising 44,664 metres 
of catgut of German and other origin, it was found that 80.7 per 
cent of the large packages (coils or rolls of 50 metres) and 54.3 per 
cent of the small packages of the German catgut, and 57.2 per cent 
of the small packages of catgut of other origin were unsterile (15). 
According to a Danish investigation (4), in which the material 
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of 1,100 metres came from altogether nine factories, 62.3 per cent 
of the catgut was unsterile. In a German investigation, with a 
material of 1,400 metres, the unsterility percentage was as high as 
80 (13). 

According to comparative American investigations, the unste- 
rility percentages of catgut manufactured in different countries 
were as follows: English 29.5, French 13.3, German 85.7, Japanese 
100 and Spanish 63.1, or on the average, 46.5 (7, 8). In other words, 
according to these investigations 50 per cent of American and 62.5 
per cent of the factories of other countries made unsterile catgut. 

It was found in investigating small amounts of catgut kept in 
closed ampoules that the sterility was much better. According to 
certain American investigators (1, 17) only between 3 and 12.5 per 
cent of the total were unsterile. 

A great number of sterilisation methods using many different 
kinds of chemicals have been developed to kill the anaerobes in the 
raw material of catgut, sheep gut, of which especially the spore- 
forming are extremely difficult to destroy. Although sterilisation 
methods have steadily improved, perfection has not been achieved. 
It has been demonstrated that spore-forming anaerobes can for 
years resist disinfectants regarded as effective (3). A great many 
methods of chemical sterilisation have furthermore been carefully 
examined and it has been possible to demonstrate that they are 
ineffective to such an extent (2, 6, 10 and 11) that strong demands 
have been raised for abandonment of all chemical sterilisation. 
Results achieved in Finland (19) confirm these results. In view of 
this the method of heat sterilisation has been or is being quite 
commonly taken into use, which by certain investigators (7, 11 and 
18) is regarded the only method by which, with careful perform- 
ance and control, sufficient sterility is achievable. 

Abreast with the development in methods of sterilisation 
progress has been made in the investigation of sterility. The first 
good method was presented by Bulloch (2) in 1929 and a still 
better one in 1931 by Meleney and Chatfield (18). Variations of 
the latter are still in use in different parts of the world (1, 5, 9 and 
19). Essential to all these methods is that chemicals inhibiting 
bacterial growth ‘are removed from the catgut by neutralisation 
prior to culture. Clock ((9, 11) analysed carefully the catguts 
chemically before sterility investigations and developed on the 
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qasis of the analysis results the simple neutralisation liquids needed. 
Cultures are usually performed in test tubes in which it is easy to 
provide a high layer of culture medium to promote anaerobic 
growth. American investigators have in addition to this used a 
vaseline-paraffin seal on the surface of the culture medium to 
prevent access of oxygen. As regards the control time, some in- 
vestigators consider a 10 day incubation time sufficient (14), 
others favoring a longer period, either 15 days (1, 7, 18) or 21 days, 
(4, 5, 19). The possibility of secondary infection has been excluded 
by such control investigations as required. (Thus it is reported that 
one investigation comprising 4,500 metres of catgut was carried 
out successfully without air infection (5).) 


TECHNIQUE EMPLOYED 


The catgut investigations were performed in a special room 
in which the bacterial content of the air was reduced by ultraviolet 
light in addition to regular cleaning. In the beginning, the ultra- 
violet light came from a tube when no work was performed in the 
room; later all day. The investigators washed their hands thoroughly 
before starting work and used masks. The general sterility in- 
structions of our institute were observed in other respects. Thus test 
tubes, pipettes and dishes were sterilized in heat for 2 hours (at 
180° C), likewise long forceps and scissors. The culture media were 
sterilized in an autoclave (120° C). 

The catgut samples were taken at random from the firm or 
hospital stores in unopened original packages by our Institute. 
During the investigations the packages and catguts were touched 
only with the aforementioned instruments which were sterilized 
between use by burning in a Bunsen flame. 

The catgut was cut into pieces of approximately 2 cm directly 
into large test tubes, about one lineal metre into each, into which 
10 cc of neutralisation liquid (1 per cent sodium thiosulphate 
and 1 per cent sodium carbonate in water solution) was added. 
The tubes were then kept for 48 hours in a thermostat at 37°C, 
after which the neutralisation liquid was replaced by distilled 
water and the tubes were kept in a thermostat for 24 hours. The 
tubes were closed with cotton wadding. 
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The catgut samples were then placed in culture medium on the 
bottom of the tubes, about 144 metres into each tube, and were 
incubated in a thermostat at 37°C for 21 days. Readings were taken 
at 1, 3, 7, 14 and 21 days, giving special attention to anaerobes. 
Gram staining was performed on each tube showing growth and 
if no obvious growth of anaerobes was observed, fractional heating 
of the cultures to 100°C was performed and subcultures were made. 
Identification of strains, in so far as it was performed, was done 
according to Zeissler’s (20) method. 

No seal was used on the surface of the culture media, but im- 
mediately preceding culture the culture medium tubes were placed 
in a water bath at 100°C for at least 10 minutes and then cooled 
down to +45° C. 

In the large test tubes the culture media were in layers of at 
least 10 em. As media were used: liver broth, soft agar and soft 
glucose agar!, with a pH of 7.4—7.6. The tubes were closed by 
cotton wadding and after culture by a waxpaper cap around the 
top of the tube attached by a rubber band. 

Controls. —. 1. During the whole that time catgut was handled 
the bacterial content of the air was controlled by uncovered glucose 
blood agar and blood agar dishes which were incubated from 24 to 
48 hours in a thermostat at 37°C, in addition to which part of the 
dishes were incubated in vacuum (20). A corresponding number of 
covered control dishes were treated in the same manner. On the 
open dishes there were from 0 to 10 colonies of bacterial growth, 
usually from 0 to 3 colonies, predominantly different cocci, in some 
cases mold or yeast fungi or spore-forming aerobic bacteria. On the 
covered bowls growth occurred in 0—2 colonies, in most cases 0 
colonies. 

2. Control of neutralisation liquid: 1 cc of neutralisation liquid 
was transferred by pipette into at least one test tube of each culture 
medium per each daily catgut investigation series. These tubes 
were incubated together with the cultures. (cf. growth control). 


1 Liver broth: per tube, 13 cc of broth and 3—4 cubical pieces of boiled 
cattle liver with a side of approximately 6 mm. Soft agar: 0.3 per cent agar 
in broth. Soft glucose agar: 1 per cent glucose added. Broth: 0.5 per cent NaCl 
and 1 per cent pepton (Parke-Davis) in meat infusion. Meat infusion obtained 
by extracting boneless and sinewless ground beef in water; 0.5 kilograms of 
meat -will yield 1 litre of meat water. 
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3. Control of distilled water: 1 cc of distilled water was trans- 
ferred by pipette into at least one tube of each culture medium per 
each daily catgut investigation series. These tubes were incubated 
together with the cultures. 

4. Growth control: Two normal loopfuls of dilutions of 1:1,000 
and 1:1,000,000 of 24 hour old Cl. bifermentans liver broth culture 
were inoculated into sterile culture medium tubes. 

5. Adding neutralisation liquid into the culture medium tubes 
this control was performed in the above described manner to prove 
that the neutralisation liquid had no bacteriostatic effect. 

6. Control of culture medium: All culture media were incubated 
for 21 days parallelly with the catgut cultures. These tubes were 
handled in exactly the same manner as the catgut culture tubes, 
except that no catgut was placed into them. Each catgut culture 
tube had its corresponding culture medium control tube. Growth 
was very seldom observed in the tubes of this control and it was 
always growth of aerobic bacteria, usually cocci. 

7. A number of culture medium tubes were incubated without 
any treatment in connection with each series to prove that the 
culture media were sterile. 

This method of investigating sterility differs from earlier 
methods especially in that the sterility of the catgut can by this 
method be observed in each metre, even fractions thereof, by 
means of which a clear and visual picture of the bacterial content 
of the catgut is obtained. 

Another difference is the wide range of the culture medium 
control. It must be admitted that one culture medium tube per 
each catgut culture tube gives a particularly clear picture of the 
extent to which air and other secondary infections may occur. 

The possibility of air-borne infection was considerably reduced 
by the use of ultraviolet light. 

As the sterility investigations concern only from 1 to 1 % per 
cent of the length of the catgut, certainly about sterility remains 
in every case relative and it is confirmed only when large materials 
are investigated. Earlier methods of sterilily investigation dealt 
with whole catgut packages, by which means it was possible to 
establish whether a package was sterile or not, but not how much 
living bacteria each package contained. This circumstance is, 
however, of essential significance as the investigations reported in 
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the literature indicate that it seems to be very difficult to obtain 
absolutely sterile catgut, at least for the time being. It has also 
been demonstrated in the literature that living bacteria may be 
present in catgut on long distances from one another (12). 


THE INVESTIGATED MATERIAL 


A total of approximately 8,000 metres of catgut manufactured 
by 30 different factories, part of it sterilized chemically, part by 
heat, were investigated. Since the amounts of investigated catgut 
of most factories were so small that it was not possible to draw any 
definite conclusions from the results, only the results gained in 
investigations of catgut of eight factories will be discussed here. 
This material comprises 6,628 metres divided on 757 packages. 
Rolls and coils of 25—50 metres were counted as large packages 
and rolls and coils of 10 metres, of which there were only a few, 
other small packages containing 7.5 metres of catgut and ampoule 
packages containing 1.5—2.5 metres per ampoule, as small packages. 
The ampoules comprised the majority of small packages. With the 
exception of the ampoules all packages were original factory 
cardboard cartons. Most of them were manufactured recently or 
during the past few years, but some of them were over 10 years 
old. The method of sterilisation used by the factory was not re- 
ported in all cases. 


RESULTS 


In appreciating results, bacterial growth was counted per catgut 
metre. Attention was given to both anaerobic and aerobic bacteria 
in counting the percentage of unsterility of the catguts. This 
percentage was counted on packages and also by taking one metre 
as unit. In the latter case, for example if there has been growth 
of bacteria in five of 200 investigated metres, the percentage of 
unsterility is 2.5, and so on. 

Results are given in the below table (Table 1). 

A study of table 1 reveals that 3.5 to 100 per cent of the catgut 
packages of different factories were unsterile, which figures cor- 
respond to earlier results. 

The use of both kinds of chemically-sterilized catgut shown 
in the table, Swiss and Finnish, must absolutely be abandoned 
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TABLE 1 


RESULTS OF BACTERIOLOGICAL INVESTIGATION OF CATGUT 
























































Investigated Results 

Method Packages Packages Bacterial Growth _ 

of Large | Small 22] |e. r) 
Factory | Steri- | et- Sloif| Se l2sima| Sa |oe. 
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English ..| Heat | 1,970 | 31) 18] 96) —J/145}108} 37) 25.5 | 42} 62) 104 5.28 
Danish Heat | 1,070 | 15) 26) —} —] 41] 29) 12) 29.3 17; 9] 25! 2.34 
Dutch....| Heat 260 5} 4) —| —| 9} 2) 7| 77.8 | 23} 22) 431 | 16.54 
Australian} Heat | 480 | —| —/315} —/315/304] 11) 3.5 7| 4) 11 2.29 
German I 4 305 1) 33} 9] 54] 97) 77} 20] 20.6 16] 42) 551 | 18.03 
German II ? 185 | —} 26) 14) 17) 57) 53] 4] 7.0 7} 4) 11 5.95 
Finnish ..| Chem. ; 2,225 | 43; 43) —} —] 86) 32] 54; 62.8 | 94/182] 2581 | 11.59 
Swiss ....| Chem. 133 2} —| 2}; 3) 7) —| 7100.0 |110) 78) 1261 | 94.70 

6,628 | 97/150 436| 74|757|605|152 316/403} 633 
































1 As both anaerobic and aerobic bacteria have grown from the same catgut 
metre the number of unsterile metres is not the same as the sum of metres with 
anaerobic and aerobic growth, but smaller. 


(6, 19). Of the former there was not a single sterile package and 
the percentage of unsterile metres was as high as 94.70. Of the 
latter, 62.8 per cent of packages were unsterile and the percentage 
of unsterile metres was 11.59. 

Of the catguts sterilized by heat, that produced in Holland 
could not be used because it had an unsterility percentage of 77.8 
in respect to packages and of 16.54 in respect to metres. The same 
was the case with the German I catgut. The percentage of un- 
sterility in respect to packages was, to be sure, only 20.6, but in 
respect to metres it was 18.03. The circumstance that these figures 
are almost equal is due to the fact that most of the investigated 
packages were small and only a small part of the large packages 


were investigated. 

In respect to sterility, Danish, Australian, German II and 
English catguts were superior to the others. The degree of sterility 
of the catguts of these factories seems, however, to differ considerably 
depending on whether whole packages or catgut by metres are 
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investigated. With the latter method the order of sterility is as 
follows: Australian 2.29, Danish 2.34, English 5.28 and German II 
5.95 per cent unsterile. 

If sterility is examined by whole packages, the order is as follows: 
Australian 3.5, German II 7.0, English 25.5 and Danish 29.3 per cent 
unsterile. 

The difference which arises when the unsterility is estimated 
by packages or metres depends on the size of the packages. With 
small packages (1 44—2 % metres) the difference is slight; the 
Australian catgut, for example, had an unsterility percentage of 
3.5 in respect to packages and of 2.29 in respect to metres, the 
German II catgut correspondingly had the percentages 7.0 and 
5.95, respectively. The Danish catgut, on the other hand, of which 
there were large packages only, had an unsterility percentage of 
29.3 in respect to packages and of 2.34 in respect to metres, English 
catgut correspondingly had the percentages 25.5 and 5.28, respec- 
tively. If only the large packages of the English factory (containing 
a total of 1,800 metres of catgut) are considered, the unsterility 
percentage of packages rises to 58.8. 

Investigation on the sterility of catgut per metre gives a clear 
picture of its unsterility irrespective of the size of the catgut 
packages. It also confirms the opinion, earlier presented in the 
literature (12), that living bacteria may be present in catgut at 
long distances from one another. Thus, during investigation of one 
of the above-mentioned catguts, anaerobic bacteria were found in 
13 metres of one 50 metre roll after several hundred sterile catgut 
metres. It is in particular such observations which speak in favour 
of continuous sterility control outside the factory to discover weak 
spots in otherwise good catgut due to possible technical errors (as 
probably occurred in this case). 

As regards the presence of anaerobic and aerobic bacteria in 
the cultures it seems as if especially the number of aerobic bacteria 
diminishes as the sterility of catgut improves. Thus, definitely 
more anaerobic than aerobic bacteria grew in the best qualities, 
the Australian, Danish and German II catguts (exception: English 
catgut), whereas in the poorer qualities, Finnish and German I, 
there was more growth of aerobic bacteria than of anaerobic 
(exception: the inferior Swiss catgut and the Dutch catgut which 
had slightly more growth of anaerobic bacteria). 
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If we take separately the catgut cultures with growth of anae- 
robes and those with growth of aerobes and examine the macro- 
scopically visible growth of both, the time required and its distri- 
bution over 21 days in periods of one week, we receive the following 
table (Table 2): 


TABLE 2 


TIME NEEDED FOR MACROSCOPICALLY VISIBLE GROWTH OF ANAEROBES AND 
AEROBES AND ITS DISTRIBUTION IN PERIODS OF ONE WEEK 








Growth of Anaerobes Growth of Aerobes 
Time in Weeks Total Total 


1 2 3 1 2 3 











No. of cultures 
with growth 301 51 52 404 347 61 46 454 



































A study of table 2 reveals that 34 of growth in the cultures took 
place during the first week, irrespective of whether anaerobes or 
aerobes were in question. There were 404 cultures with anaerobic 
growth and 454 cultures with aerobic growth, or a total of 858 
cultures. During the third week growth took place in 98 cultures, 
which number is about 13 per cent of the number of growths during 
the first and second weeks (760): i.e. with a three-week control time 
13 per cent more positive results are obtained than with a two- 
week control time. The number of positive cultures decreases 
sharply after the first week, which trend is particularly clear in 
respect to aerobes. Subcultures of growths during the first week 
succeeded well, whereas subcultures of anaerobic bacteria which 
grew during the third week failed or produced very little growth. 
Judged on this basis a 21 day control time seems sufficient. 

The speed of growth of aerobes was definitely greater than that 
of the anaerobes. The aerobes had an obvious peak at about three 
days, whereas, discounting the Swiss catgut which had a parti- 
cularly rapid growth, the anaerobes had no definite growth 
peak, but on the contrary a slight decline after the first day. 

It may be added that there were knots in 35 of the anaerobic 
cultures but in only 15 of the aerobic cultures. It is known that 
sterilization of knots in catgut is very difficult (5). 

A study of the distribution between different culture media of 
the anaerobic and aerobic bacteria which have grown from catgut 
yields the following table (Table 3): 
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TABLE 3 
DISTRIBUTION OF ANAEROBES AND AEROBES BETWEEN DIFFERENT CULTURE 
MEDIA IN CATGUT CULTURES 














No. of Anaerobes Grown in No. of Aerobes Grown in 
Soft ? Soft , 
Soft | Liver Soft | Liver 
Glucose Total |} Glucose Total 
Agar Agar | Broth Agar Agar | Broth 
No. of cultures 
with growth] 250 124 30 404 139 209 106 454 
































Soft glucose agar is a good culture medium for anaerobes, 
considerably better than mere soft agar. Aerobes seem to grow well 
in both media; however, the growth is definitely better in soft agar. 
In that they are semi-solid, both culture media have the advantage 
that it is easy to observe possible aerobic bacteria infection on 
their surface. In liver broth, aerobes seem to have succeeded better. 
This may to some extent be imaginary, because it is no easy to task 
to separate anaerobes from spore-bearing aerobic bacteria. But in 
practice it is not the decisive factor whether anaerobes or aerobes 
have grown, but whether the catgut is sterile or not. 

As regards the anaerobic bacteria found from catgut, there was 
not in every case an attempt to definitely identify them; a great 
number of sample tests, were, however, performed. A microscopic 
examination of Gram-stainings made from positive cultures gives 
a rough picture of the matter. Liver broth has in this respect been 
very valuable, also in primary cultures but especially in subcultures. 
In liver broth anaerobes grow quickly and soon from spores, by 
the size and location of which it is possible to roughly orientate 
oneself. The presence of, among others, the following bacteria, was 
established in detailed identification: Cl. welchii, Cl. novyi, Cl. 
tetani (the writer will discuss its presence in his next publication), 
Cl. bifermentans, Cl. multifermentans, Cl. sphenoides and Cl. tertium. 
Cl. welchii, Cl. novyi and Cl. septicum have earlier been isolated 
from raw catgut, but not tetanus bacilli, although their presence 
has not been denied (17). Cl. bifermentans, Cl. fallax, Cl. histo- 
lyticum, Cl. welchii, Cl. sporogenes and Cl. oedematoides seu sordellii 
have earlier been isolated from commercial catgut (11, 16). 

The aerobic bacteria in the catgut cultures were not identified 
finally. It can, however, be mentioned that Gram-positive rods, 
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both spore-bearing and without spores, aerobes of diphtheroidtype 
aerob and aerobes of the actinomyces group grew in the cultures. 
Also yeast fungi and not seldom B. mesentericus ruber-type acrobes 
were present. 


SUMMARY 


1. The method used to control the sterility of catgut was 
essentially the same as those reported previously, but differed from 
earlier methods in that the range of the culture medium control 
had been extended and that the sterility of the catgut could be 
observed metre by metre, so that it was possible to obtain a clear 
and visual picture of the distribution of unsterility. 

2. The investigated material comprised 6,628 metres of catgut 
divided on 757 packages. The catguts were manufactured by eight 
different factories of seven different countries. Part of the catguts 
were sterilized chemically, part by heat, whereas in a part of the 
material the method of sterilisation had not been reported. 

3. The percentage of unsterility per catgut package varied 
between 3.5 and 100, or about the same limits as reported earlier. 

4. The percentage of unsterility of investigated metres of catgut 
of different factories varied between 2.29 and 94.70. The per metre 
investigation of catgut gave a clear picture of the unsterility of 
the catgut irrespective of the size of catgut packages. 

5. The sterility of chemically sterilized catgut proved to be 
poor. On the basis of the results of the investigations Clock’s opinion 
that the use of chemically sterilized catgut should be completely 
abandoned must be supported. 

6. Catgut sterilized by heat proved clearly better than chemi- 
cally sterilized catgut. In the case of some factories it was to such 
extent unsterile that it was not dared to use it. As a rule the best 
catguts sterilized by heat were rather sterile showing only temporary 
deviations. 

7. As the sterility of catgut improved it seemed as if especially 
unsterility due to presence of aerobic bacteria diminished. 

8. 21 days was used as incubation time in the investigations 
and it could be proved that it yielded 13 per cent more positive 
results than a 14 day incubation time. Seventy-five per cent of 
the growth in positive cultures occurred during the first week. A 
21-day control time was considered sufficient. 
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9. Soft glucose agar (0.3 per cent agar and 1 per cent glucose) 
proved to be rather a good culture medium for anaerobes. Liver 
broth was particularly valuable for definite identification of strains. 

10. The following anaerobic bacteria, among others, were found 
from the catguts: Cl. welchii, Cl. novyi, Cl. histolyticum, Cl. tetani, 
Cl. bifermentans, Cl. multifermentans, Cl. sphenoides and Cl. tertium, 
as well as a number of undetermined aerobic bacteria, chiefly 
Gram-positive rods, spore-bearing and without spores, aerobes of a 
diphtheroid-type aerobes, aerobes belonging to the actinomyces group, 
as well as yeast fungi and aerobes of a B. mesentericus ruber-type., 

11. It is obvious, on the basis of the investigations performed, 
that continous control of sterility outside the factories is necessary, 
whatever method of sterilisation is used. 


REFERENCES 

1. Brewer, J..H.: J.A.M.A. 1937: 108) :722. 

. Buttocu, W., Lampitt, L. H. and Busniti, J. H.: The Preparation 
of Catgut for Surgical Use. Brit. Med. Res. Counc. Spec. Rep. Ser. 
138. 1929. Quoted by CHRISTENSEN. 

3. Buttocn, W.: Zbl. Bakt. usw. 1 Abt. Orig. 1928:106;21. 

4, CHRISTENSEN, H. M., und Marcussen, P. V.: Acta Path. et Microbiol. 

Scand. (Danish) 1943:20:450. 

5. CHRISTENSEN, H.M.: Catgut Sterilization. The Basic Principles of the 

Spore-Germinating Method. Academic Dissertation, Copenhagen 1944. 


i) 


6. Crock, R. O.: Surg., Gyn., & Obst. 1933:56,:149. 
7. Crock, R. O.: Surg., Gyn., & Obst. 1934:59):899. 
8. Clock, R. O.: Surg., Gyn., & Obst. 1935:60,:202. 
9. Crock, R. O.: Surg., Gyn., & Obst. 1935:61:789. 
10. Crock, R. O.: Surg., Gyn., & Obst. 1937:64):1027. 
11. Clock, R. O.: Surg., Gyn., & Obst. 1938:66,:878. 


12. Mackie, T. J.: An Inquiry into Post-operative Tetanus. A Report to 
the Scottish Board of Health. Edinburgh. Quoted by CuristENSEN, 
and Brit. Med. J. 1928:1:987. 

13. Knorr, M.: Miinch. med. Wschr. 1930:7:581. 

14. Knorr, M.: Arch. Hyg. 1931:105:355. 

15. Konricu, F., und Zerssuer, J.: Arch. klin. Chir, 1933:177:742. 

16. MeLeney, F. L., Humpureys, F. B., and Carp, L.: Surg., Gyn., & 
Obst. 1927:459:775. 

17. Meveney, F. L., and CuHatrie.p, M.: Surg., Gyn., & Obst. 1930: 50,:271. 

18. MeLeney, F. L., and CuatFiecp, M.: Surg., Gyn., & Obst. 1931:52,:430. 

19. SAVOLAINEN, T.: Ann. Med. Exper. Fenn.. 1950: 28:55. 

20. ZeissLer, J.: Anaérobenziichtung. Handbuch der pathogenen Mikro- 
organismen. Jena, Berlin und Wien, 3 Aufl. 1930:10:35. 




















